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1. OVERVIEW

1.1 Objectives

The specific objectives of this study were to develop a
GL/SLS LOCK CAPACITY MODEL to be used as a planning tool to deter-
mine if, or when in time, the Soo, Welland, and St. Lawrence Lock
Systems can be expected to reach capacity as a function of:

. Cargo Traffic Projections

. Vessel Fleet Projections

• Vessel Operating Characteristics
and Locking Times

• Lock Operating Characteristics

. Length of Navigation Season

• Available Operating Time (Weather, Delays,
Lock Malfunction Delays, Daylight-Only
Navigation)

. Pleasure Craft and Non-Commercial Vessel

Locking Requirements

. Winter Vessel and Lock Opening Procedures

Overall, the GL/SLS LOCK CAPACITY MODEL can be described
as a queuing model which analyzes steady-state lock operatons and
vessel-lock interaction. For a given set of the above-listed
data and a specific year, the GL/SLS LOCK CAPACITY MODEL generates
the following output for 14 separate time periods (10 months plus
early and late April, and early and late December):

* Cargo Transported by Commodity and
Direction

* Vessel Operating Fleet

* Yearly Vessel Transit Demand by
Vessel Class, Commodity, and
Direction

* Daily Vessel Transit Demand by
Direction

1-1



* Lock Cycle Time by Direction
(Mean and Standard Deviation)

* Average Vessel Waiting Time by
Direction

* Average Vessel Queue Length by

Direction

* Lock Utilization

* Vessel Delay Costs

1.2 Environment

The GL/SLS LOCK CAPACITY MODEL was developed for and sub-
mitted to the Department of the Army, North Central Division,
Corps of Engineers by ARCTEC, Incorporated, the sole developer
of the GL/SLS LOCK CAPACITY MODEL. The model is intended for use
by the Corps of Engineers as a planning tool to determine when
lock capacity is reached for the Soo, Welland, and St. Lawrence
River lock systems and to analyze the influence of factors causing
capacity. Production runs have been performed by ARCTEC, Incor-
porated for the Corps of Engineers to determine when the Soo,
Welland, and St. Lawrence River lock systems reach capacity under
existing conditions, and with the incorporation of several non-
structural and structural alternatives for improving system
capacity.

The GL/SLS LOCK CAPACITY MODEL was run on a Boeing Computer
Services (BCS) CDC mainframe computer under their EKS operating
system. BCS maintains CDC Cyber 175 and CDC 6600 computers.

1.3 Program Specifications

The GL/SLS LOCK CAPACITY MODEL is able to handle multiple
runs consisting of different combinations of lock system(s) and
locking time range(s) in one job. It can also run combinations
of such capacity expansion measures as changes in locking times,
changes in draft, and changes in lock size.

The main program consists of a mainline program and 10
separate modules. The mainline program orders the execution of
the 10 modules, which perform separate sections of the analysis.
A conceptual flow diagram of the GL/SLS LOCK CAPACITY MODEL
appears in Figure 1.1. Specifications for the GL/SLS LOCK CA-
PACITY MODEL, DATA FILES, and OUTPUT FILES are listed in Table
1.1.

1-2
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TABLE 1.1

SPECIFICATIONS FOR THE GLSLS LOCK CAPACITY
MODEL, DATA FILES, AND OUTPUT

LOCK CAPACITY MODEL

Language: CDC Compatible FORTRAN

Core Required for one Run:* 160,000 Octal Words

Program Size:

ASCII Listing 189 PRU's

Binary Compilation 217 PRU's

DATA FILES

Size Per Lock System: 31 PRU's

OUTPUT FILE

Size (Scenario No. 5, all 3
Lock Systems): 2718 PRU's

Print Size (same file as above): 21,129 Lines

BATCH SAMPLE RUN STATISTICS (SCENARIO NO. 5)

Compilation Time 12 CP secs

Execution Time: 40 CP secs

Job Processing 439 (includes all three locks,
Computer Charge Units (CCU's): execution only)

Cost per CCU (if run at low priority, P02) $0.030 to 0.075

*One run consists of ail three lock systems.
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2. INPUT DATA FILES

2.1 Introduction

I The GL/SLS LOCK CAPACITY MODEL consits of a main program
and three (3) separate data files. This section on the input data
files presents a list and detailed discussion of all the variables
that appear in the input data files as well as a discussion of
how certain variables may be manipulated to vary the results of
the Lock Capacity Analyses.

I Each Lock System is represented by its own data file. Each

data file contains not only system, lock, and vessel data, but
also contains run parameters. System, lock, and vessel data in-
clude operating conditions, route data, available operating time,
locking times and locking characteristics, and vessel character-
istics. Run parameters determine the lock system, maximum vessel

Iclass, locking time range(s), and season extension(s) to be ana-
lyzed. A complete list and description of all input variables can
be found in Table 2.1 at the end of this section.I

2.2 Run Parameters

The run parameters determine the lock system, locking time
range(s), and season estension(s) that are used in the lock ca-
pacity analyses. The run condition data is contained in the first
four lines in each data file, the first of which contains the
go/no-go flag and the data file identifier. A data file is iden-
tified by a 1, 2, or 3 in the data file identifier column, repre-
senting the Soo, Welland, or St. Lawrence lock system, respectively.
To run any particular lock system a 1 must appear as the go/no-go
flag, as a 0 indicates that the lock system that the particular
file represents is not to be analyzed. The same 1/0 designation
is used to choose which season extension(s), and locking time
variation(s) are to be used. The program, as modified for this
study, is able to run only Season Extension 1 at the Soo Locks
(April - December) and Season Extension 2, which denotes the same
period (April - December) at the Welland Canal and the St. Lawrence
River since variations in season extension were not selected byg the Corps as capacity expansion alternatives.

The ability to implement a capacity expansion measure when
capacity is reached is incorporated in the program. These meas-
ures are implemented by go/no-go flags, expansion measure identi-
fiers, and the appropriate new data that deals with the expansion
measure at the bottom of each data file.

I
1 2-1
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2.3 System, Lock, and Vessel Data

System, lock, and vessel data includes data on operating
conditions, available operating time, locking times, vessel char-
acteristics, route data, and cargo shipping demand. Data per-
taining to the validation of the base year is also included in
the input data, such as the transit distribution factors, which
determine the percentage of total annual loaded transits that
occur in each of the operating periods. A complete description
of each variable can be found in Table 2.1 on the following pages.

2-2
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TABLE 2.1

INPUT DATA (IN ORDER OF OCCURRENCE)

GONOGO Go/no-go flag (See Section 3.1)

IS Data file identifier (See Section 3.1)

LU Maximum vessel class

ISES(4) Season extension identifier (See Section 3.1)

ILTM(3) Locking time range identifiers (See Section 3.1)

ZBHF(12) Ship utilization factors

FACTOR Cargo Multiplier: Can be used to vary the total
cargo potential for sensitivity analyses

CALFAC System queue length and waiting time multiplier:
CALFAC accounts for the number of non-constraining
locks in the Welland Canal and the St. Lawrence
River.

SYSFAC System lock cycle time multiplier: SYSFAC accounts
for the number of non-constraining locks in the
Welland Canal and the St. Lawrence River.

SYSADD Time spent in the flight locks - hours

SYSTIM Round trip time in the Welland Canal and the St.
Lawrence River minus time spent in the locks and
lock queues - hours

ADDPCT(6,12) Fleet mix ship building percentages as a function
of commodity and vessel class

CC(12,6) Carrying capacities as a function of vessel class
and commodity - short tons

TDF(12,14) Transit distribution factors: TDF represents the
percentage of annual loaded transits occurring in
each of the 14 operating periods for the base year
validation. TDF is a function of vessel class and
operating period. These are only used for vali-
dation.

WHEAT(80,3) Cargo Projections for wheat: WHEAT is a function of
year and direction (upbound, downbound, or total)

STLPRD(80,3) Same as above for steel products

GENCAR(80,3) Same as above for general cargo

SOY(80,3) Same as above for soybeans

BLYRYE(80,3) Same as above for barley and rye

2-3



TABLE 2.1 (CONTINUED)

CORN(80,3) Same as above for corn

OILSD(80,3) Same as above for oilseeds

ALMSTN(80,3) Same as above for limestone

AIRORE(80,3) Same as above for iron ore

RAWMAT(80,3) Same as above for raw materials

COAL(80,3) Same as above for coal

PETROL(80,3) Same as above for petroleum products

CEMENT(80,3) Same as above for cement

AMIN(8O,3) Same as above for nonmetalic minerals

DRYBLK(80,3) Same as above for dry bulk

DATM(14) Operating hours per day for each operating period.
DATM is a function of operating period.

TMLOCK(12,2,4) Normal range of locking times in minutes: TMLOCK
is a function of vessel class, direction, and lock.

TLTML2(12,2,4) Low range of locking times

TLTML3(12,2,4) High range of locking times

STDEV(12,2,4) Locking time standard deviation in minutes: STDEV
is a function of vessel class, direction and lock.

BTF4 Base year bias traffic factor for early April: If
BTF4 = 1.0, maximum bias is obtained; if BTF4 = 0.0,
zero bias is obtained.

BTF5 Base year bias traffic factor for late April

BTF13 Base year bias traffic factor for early December

BTF14 Base year bias traffic factor for late December

TURNBK(2) Turnback time in minutes: TURNBK is a function of
lock

XSHIP(12) Vessel operating costs in $/hr: XSHIP is a function
of vessel class

XCAP(12) Vessel capital costs in $/hr: XCAP is a function of
vessel class

PCRF(14,2) Pleasure craft and ice lockages in lockages per day:
PCRF is a function of operating period and direction.

FLOAD(6) Loading factor: FLOAD accounts for broken stowage
space in the cargo vessels. FLOAD is a function of
commodity.

DISTN(2,6) Mean one-way distances in miles: DISTN is a function
of direction and commodity.
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TABLE 2.1 (CONTINUED)

FILL(6,12) Loading rate in short tons per hour: FILL is a
function of commodity and vessel class.

EMPTY(6,12) Unloading rate in short tons per hour: EMPTY is a
function of commodity and vessel class.

HRS(14,4,6) Available operating hours per operating period:
HRS is a function of operating period, season
extension, and commodity. Cargo will be transported
in any operating period with a non-zero entry for HRS.

VSA(14,12,4) Vessel speed of advance in miles per hour: VSA is a
function of operating period, vessel class, and
season extension. Vessel classes can be prohibited
from operating in certain operating periods (winter
periods) by setting VSA for that particular class
and operating period to zero (this has and can be
done in the program also (See Section 5.4.1)).

DIN(14,4) Relative demand indexes: DIN represents the relative
demand for cargo to be shipped during each operating
period and so influences the tonnage distribution
over the year. DIN accounts for the start-up and
slow-down at the beginning and end of operating season
and was chosen to duplicate the start-up and slow-down
observed in the base year. DIN may be any number from
00.0 to 99.9 and is a function of operating period and
season extension.

P0(80,12) Vessel phase-out fractions: PO accounts for old
vessel phase-out and represents the percentage of
vessels phased out of each class for each year. PO
is a function of year and vessel class.

BASEFT(6,12) Zero-backhaul base year fleet: BASEFT was arrived at3 through validation and is a function of commodity
and vessel class.

BTF(14,4) Biased traffic factors for non-base year analyses. If
BTF = 1.0, maximum bias results; if BTF = 0.0, minimum
bias results (See Section 4.4). BTF is a function of
operating period and season extension.

5 TDFCX(5,4) Transit distribution factors for extended season grain
and general cargo: Because extended season grain and
general cargo are distributed evenly over the extended
season, the transit distribution factors must be
specified. Note that TUFCX sums to one for both
commodities in order to transport exactly the extended
season tonnage potential. TDFCX is a function of season
extension periods and season extension.

CAPINC(12) Capacity increase with increases in system draft: CAPINC
is a function of ship class and is tabulated in short
tons per year.

2-5



TABLE 2.1 (CONTINUED)

ICAPX Go/no-go flag: ICAPX determines whether to imple-
ment a capacity expansion measure or not (1 = yes,
0 = no)

MEASUR Capacity expansion measure identifier:
I - Locking time and reductions
2 - Construct larger locks
3 - Increase allowable ship draft

FOR MEASUR = 1

REDLT(3,2,5) Locking time reduction factors: REDLT is a function
of lock system (Soo, Welland, St. Lawrence), direction,
and alternative.

NHOWTO Alternative identifier

FOR MEASUR = 2

NEWLU New maximum vessel class

ZBHF(12) Same as previous ZBHF, but for additional vessel classes.

ADDPCT(6,12) Same as previous ADDPCT but for additional vessel
classes

CC(12,6) Same as previous CC but for additional vessel classes

TMLOCK(12,2,4) Same as previous TMLOCK but for additional vessel classes

TLTML2(12,2,4) Same as previous TLTML2 but for additional vessel classes

TLTML3(12,2,4) Same as previous TLTML3 but for additional vessel classes

STDEV(12,2,4) Same as previous STDEV but for additional vessel classes

FILL(6,12) Same as previous FILL but for additional vessel classes

EMPTY(6,12) Same as previous EMPTY but for additional vessel classes

VSA(14,12,4) Same as previous VSA but for additional vessel classes

P0(80,12) Same as previous PO but for additional vessel classes

CAPINC(12) Same as previous CAPINC but for additional vessel classes

FOR MEASUR = 3

DRAFT New allowable ship draft through the system

LOCKS Go/no-go flag that allows implementation of new locks
along with deeper draft. (0 = no, 1 = yes)

2-6
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I 3. COMPUTER USAGE

3.1 Selecting the Run Parameters

The run parameters determine which system(s), maximum
vessel class(es), season extension(s), and locking time range(s)
are analyzed. These run parameters appear in the first four
lines of each data file as shown in Figure 3.1.

3.2 Running the GL/SLS LOCK CAPACITY MODEL

Experience with the GL/SLS LOCK CAPACITY MODEL has shown
that the most efficient method of using the program is to keep the
program and data files stored in separate indirect access files
and to run the program from the terminal in the remote batch mode.
To run the program in the remote batch mode the user must use a
submit file to submit a desired job. The sample submit file in
Figure 3.2 was used to submit the previously compiled program.

3.3 Output

Results are printed as nine tables in the following order:

Projected Cargo Tonnage
Fleet Mix
Vessel Characteristics
Yearly Transits
Daily Transit Demand
Actual Transits
Queuing Information
Delay Cost

i Actual Cargo Flow

Data is printed out as a function of operating period, com-
modity, vessel class and direction through the locks. For purposes
of this project the delay cost output has been suppressed. A
sample copy of one year of one run appears in Appendix D.

3
I
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FIGURE 3.1

SAMPLE RUN PARAMETERS

1,3 GONOGO, Data File Identifier

7 Maximum Vessel Class

0,1,0,0 Season Extensions

1,0,0 Locking Times (Normal, Low, High)

* The go/no-go flag should be 1 for a data file if that
particular system is to be analyzed, and 0 if not.

* The Data File Identifier should be left constant; 1
signifies the Soo system, 2 the Welland Canal, and 3
the St. Lawrence River.

* Vessel Class is for baseline only. New vessel classes
are input with expansion measure data.

The four figures in the line labeled "Season Extensions"

represent from left to right, season extension 1, 2, 3,
and 4. A 1 in the appropriate space denotes that the
season extension is to be analyzed while a 0 denotes
that it is not. Note that the program is now only
capable of running April thru December which corres-
ponds to season extension I at the Soo and season
extension 2 at the Welland and St. Lawrence River.
This is due to the fact that the expansion alternatives
selected by the Corps did not include season extension.
The program was therefore modified and streamlined in
that area.

* The three figures on the line labeled "Locking Times"
represent, from left to right, normal, low, and high'
locking time ranges. Again, the same run/no-run con-
vention applies.

3-2



FIGURE 3.2 SAMPLE SUBMIT FILE

ANALOK,CM20600 ,T200.

I USER ,CEF21 8,ARCTEC.

GET ,TAPE1 'NWSOO.

GET ,TAPE2=NWWEL.

GET,TAPE3=NWSLS.

GET,TAPE3=NWSLS.

BREVIS.

EXIT,U.

RE WIND ,OUTPUT.

COPYCF ,OUTPUT ,BUGS.

REPLACE ,BUGS.

REWINDJAPE8.

COPYCF,TAPE8 ,TABLES.

REPLACEJABLES.

REWINDJAPE9

COPYCF ,TAPE9 ,DBGOUT.

REPLACE ,DBGQUT.

COST.

DAYFILE ,ERROR.

t REPLACE ,ERROR.I

1 3-3



FIGURE 3.2 SAMPLE SUBMIT FILE (CONTINUED)

LINE

1 User, Memory Limit, Time Limit

2 ID#, Password

3 Get a copy of the LOCK CAPACITY MODEL (Compiled
Version) from the files

4 Get a copy of the Soo data file

5 Get a copy of the Welland data file

6 Get a copy of the St. Lawrence data file

7 Execute the program

8 If there are execution errors, this allows the
rest of the submit file to be executed.

9-11 Rewinds and copies the load map to the file BUGS
and stores it as an indirect access permanent
file

12-14 Rewinds and copies the output to file TABLES and
stores it as an indirect access permanent file

15-17 Rewinds and copies a debugging file produced by
WRITE statements in the program to a file DBGOUT
and stores it as an indirect access permanent
file

18 Gives the total cost of the job

19-20 Copies the dayfile (which is a record of the sta-
tistics of the run) on the file ERROR and stores
it as an indirect access permanent file.

Once the submit file has been created the job can be submitted

with the commands:

GET,submitfilename

SUBMIT,submitfilename,NL

3-4
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4. PROGRAM MAINTENANCE

The GL/SLS LOCK CAPACITY MODEL consists of a mainline pro-
gram which is divided into ten (10) separate modules, and three
(3) separate data files. This section on program maintenance
presents detailed descriptions of the mainline program and the
individual modules. A detailed discussion of the data files can
be found in Section 2.

4.1 Mainline Program

The purpose of the mainline program is to receive the data
files, establish the common blocks, dimension variables not in
the common blocks, to initialize certain variables through the
use of data statements, to order the execution of the modules,
and to control the execution of the GL/SLS LOCK CAPACITY MODEL.
As the program listing (Appendix B) indicates, the mainline pro-
gram begins by defining tape numbers which correspond to the
data files and output files as follows:

I TAPE 1 - SOO DATA FILE

TAPE 2 - WELLAND DATA FILE

TAPE 3 - SLP DATA FILE

TAPE 8 - OUTPUT FILE

TAPE 9 - DEBUG FILE FOR INTERNAL DEBUGGING WRITE STATEMENTS

I HELP - DEBUG FILE FOR CDC SUPPORTED DEBUG SOFTWARE OUTPUT

The program header is followed by the common definitions, the
dimension statements, and the data statements. A list and brief
description of the common blocks can be found in Appendix A. A
list and brief description of the data statements can be found

Iin Table 4.1.

Following the data statements, the program reads the go/no-
go flag in the first lock system data file to determine if an
analysis of that lock system is to be run. Once a lock system
has been selected the first module begins execution. The ten (10)
Modules are listed below.
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TABLE 4.1 VARIABLES IN DATA STATEMENTS

ABTEST Any number close to zero (for logical comparisons)

DM(14) Days per period (14 periods per year)

IBMO(14) Hollerith constants containing the names of the
14 periods

LMAX(12) Maximum length of vessels

LMIN(12) Minimum length of vessels

MONRAY(14) Contains, in sequence, the periods to be analyzed
(eg: MONRAY(l) signifies early April, which is
the first period to be analyzed)

NEXPG Carriage control to begin each table on a new page

RHOMAX Maximum lock utilization allowed for all locks
except for the Poe Lock

RHOPOE Maximum lock utilization allowed for the Poe Lock

TIMES(14) Increase in locking time for each period (mainly
for winter months)

TLOCKM Typical locking time for the MacArthur Lock

TTI Transit time increase factor which is a function
of the month and increases transit times due to
winter conditions
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1. Run Set Module - The Run Set Module reads the appro-
priate data file, determines the conditions under which the model
is to be run (season extension, locking time variation) assigns
values to working variables in accordance with the specified con-
ditions, and initiates the major do-loops that order the run.

2. Fleet Determination Module - The Fleet Determination
Module determines the required zero - backhaul fleet.

3. Transit Forecast Module - The Transit Forecast module
determines the number of loaded and ballast transits, pleasure
craft lockages, and ice lockages that occur in each operating
period and converts the zero backhaul fleet to the real fleet.

4. Ship Dispatch Module (Soo System Only) - The Ship
Dispatch Module dispatches ships to the separate Soo Locks on the
basis of equal lock utilization or equal waiting time.

5. Lock Cycle Time Module - The Lock Cycle Time Module
determines the mean lock cycle time for a particular lock and
fleet mix.

6. Lock Queueing Module - The Lock Queuing Module deter-
mines the length of the incoming queue and the waiting time for
a particular lock and fleet mix.

7. Economic Module - The Economic Module converts the
average waiting time into the delay cost for each lock and vessel.

8. Cargo Tonnage Module, System Round-Trip and Waiting
Time Module - This module computes the projected cargo flow and
the actual cargo flow for each period and commodity. It also

calculates the time it takes for a vessel to make one round-trip
in the Welland Canal and the St. Lawrence River including time
spent in queues and slowdowns due to weather conditions.

9. Output Module - The Output Module assembles the data
generated by the other modules, assigns the data to working
variables for printout purposes, and produces the output file.

10. Capacity Expansion Module - After the system reaches
capacity this module reads in new data and initializes the appro-
priate variables for the particular capacity expansion measure
that is to be analyzed. The module then returns control back to
the beginning of the yearly loop and resumes execution until9capacity is reached again, whereupon a new measure can be imple-
mented. The program also has the option to halt whenever the
system reaches capacity.
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4.2 The Run Set Module

The purpose of the Run Set Module is to read the appropri-
ate data file, determine the conditions under which the model is
to be run, assign values to working variables in accordance with
the specified conditions, and inititate the major do-loops that
order the run. The first step in the Run Set Module is to CALL
READIN, which reads in the system data and run data. Once the
locking time variation(s), season extension(s), and maximum ship
class are known, the locking times are set in subroutine TLOCMT
and the cargo projections are set in subroutine SESONS.

Input and output data are identical due to the fact that
the Run Set Module is basically a data input model. Table 2.1
contains input/output through the data files.

4.2.1 Subroutine READIN

The purpose of subroutine READIN is to read in data from
the appropriate data file and to initialize necessary working
variables to this data. Run specification variables are read in
first, followed by system, vessel, and lock data. Following the
data read-in, the carrying capacities are modified and assigned
to working variables, and the transit modified and assigned
to working variables, and the transit distribution factors for the
base year are also assigned to working variables. Also the 15
input commodity projections are collapsed into 6 working commod-
ities; ore, coal, stone, grain, other bulk, and general cargo.

The carrying capacity modification allows fine tuning of
the carrying capacities during validation and the same mechanism
can be used for sensitivity analyses. Because only three carrying
capacities are read in for each ship (and there are & commodities)
the carrying capacities are assigned under the rule that:

CCore = CCstone

CCcoal = CCgrain

CCother =CCgeneral

bulk cargo

The transit distribution factors for the base year valida-
tion represent the percentage of annual transits occurring for any
period for each ship class. Because there are only three values
of TDF read in per period (there are up to 11 classes) TDF is
assigned under the following rule:
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1

Soo System

TDF4 = TDF 5

TDF6 = TDF7 = TDF8 = TDF 9

TDF1 0 = TDF 1 1

Subrscripts denote vessel class

Welland and St. Lawrence River

TDF4 = TDF 6

TDF5  = TDF 7

Note: For the Welland and St. Lawrence, class
6 denotes oceans; class 5 denotes class
5 and 6 lakers

Because subroutine READIN only reads in data, input data
and output data are identical. Input/output data for subroutine
READIN is listed in Table 4.2.

4.2.2 Subroutine TLOCMT

The purpose of subroutine TLOCMT is to assign low or high
locking times to the locking time working variable. The working
variable has been previously initialized to the normal locking
time values in subroutine READIN. Input/output data is listed in
Table 4.3.

4.2.3 Subroutine SESONS

The purpose of subroutine SESONS is to assign the correct
season extension cargo potential to the working variable for cargo
potential. Input/output data is listed in Table 4.4.

4.3 The Fleet Determination Module

The purpose of the Fleet Determination Module is to de-
termine the zero - backhaul fleet required to carry the specified
cargo given the system and vessel characteristics. The entire
Fleet Determination Module is contained within subroutine FLEET.

I4-
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TABLE 4.2 INPUT AND OUTPUT: SUBROUTINE READIN

INPUT

Through the Argument List

IS Lock System identifier

ISYST Iteration variable for lock system

KU Number of different locks

IDEBUG Logical variable for debug output

OUTPUT

Through the Argument List

LU Maximum vessel class

FACTOR Cargo multiplier

BTF4 Bias traffic factor for validation - early April

BTF5 Bias traffic factor for validation - late April

BTF13 Bias traffic factor for validation -
early December

BTFI4 Bias traffic factor for validation -
late December

CALFAC System Waiting Time Multiplier (Number of
non-constraining locks)

CARF Fraction of the major commodity groups (6) that
each of the input commodities (15) represent

SYSADD Time spent in flight locks

SYSFAC System Lock Cycle Time Multiplier (number of
non-constraining locks)

SYSTIM System round-trip time minus time spent in
locks and queues

TDFCX(5,4) Transit distribution fractions for extended
season grain and general cargo

Through Common CALCOM

EXTPT(6,2,80) Extended season cargo potential - grain and
general cargo

HRS(14,4,6) Operating hours
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TABLE 4.2 (Continued)

TMLOCK(12,2,4) Normal locking time

VSA(14,12,4) Vessel speeds of advance

Through Common MINARY

BASEFT(6,12) Base year fleet

CC(6,12) Carrying capacities

DISTN(2,6) Distance

EMPTY(6,12) Unloading rate

FILL(6,12) Loading rate

FLOAD(6) Loading factor

P0(80,12) Phase out fractions

TDF(12,14) Transit distribution factors - validation

ZBHF(12) Ship utilization factor

ADDPCT(6,12) Fleet mix ship building percentages

Through Common PRELIM

ISES(4) Season extension indicator

ILTM(3) Locking time indicator

Through Common DAT1

BTF(14,4) Bias traffic factors

CAREXI(6,2,80) Season extension 1 cargo potential

DATM(14) Operating hours per day per period

DIN(14,4) Demand indexes

IZBH(12) Ship utilization factors

PCRF(14,2) Pleasure craft and ice lockages

LYEAR(80) Year identifier

STDEV(12,2,4) Standard deviation

TLTML2(12,2,4) Low locking time

TLTML3(12,2,4) High locking time

TURNBK(4) Turnback time
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TABLE 4.2 (Continued)

XCAP(12) Ship capital cost

XSHIP(12) Ship operating cost

ZB(12) Ship utilization factor

Note: For a more detailed variable description, see Appendix A.

i
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TABLE 4.3 INPUT AND OUTPUT: SUBROUTINE TLOCMT

INPUT

Through the Argument List

LU Maximum vessel class

IS Lock system identifier

TLTML(12,2,2) Locking time variable that is either TLTML2
or TLTML3

Through Common CALCOM

TMLOCK(12,2,2) Locking time working variable

OUTPUT

Through Common CALCOM

FMLOCK(iZ,2,2) Locking time working variable

Note: For a more detailed variable description, see Appendix A.
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TABLE 4.4 INPUT AND OUTPUT: SUBROUTINE SESONS

INPUT

Through the Argument List

ISN Loop index for season extensions

FACTOR Cargo tonnage multiplier

CAREX(6,2,80) Cargo tonnage potential input label; is equal
to CAREXI for season extension 1 and CAREX2 for
season extension 2

DIN(14,4) Demand indexes per operating period and season
extension

OUTPUT

Through Common CALCOM

CARGOP(6,2,80) Cargo potential working variable

TDIN Total of the input demand indexes
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4.3.1 Subroutine FLEET

Subroutine FLEET calculates the new fleet in 3 steps.

1. Establish the number of round-trips one ship can make
in one year.

2. Update the base year fleet and calculate the annual
transport capacity for the remaining fleet.

3. Add or delete ships until cargo potential = transport
capacity.

Expanded, the steps are performed as follows:

Step 1. Calculate the number of round-trips one ship can
make in one year.

Round Trips = TRIPYR. , = HRSYRi/TRIPTM.
Per Year 713

for Commodity i and Vessel Class j,
K

where Z sums over the periods in one year
K

Op,!rating
Hrurs Per = HRSYR. = Z HRS.
Year i,K

Time Per WDIST.
Timed-Trp= TRIPTM. DF x(2x Si +
Round-Trip 7-1 1SM.

CC. FLOAD. CC.. x FLOAD.
i J  L- + +

EMPTY. FILL. j

TIMELK.

K
Mean K VSA x HRSi,k
Vessel = VSM. - =
Speed i, HRSYR.

VSAi,j,K = Vessel speed of advance

HRS. = Operating hours per period
L3J

CCi /. = Carrying capacity

j FILLj = Loading rate
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EMPTY . Unloading rate

WDIST. = Round-trip distance

TIA ILX = Time spent in locks

FLOAD. = Loading factor3

Step 2. Update the base year fleet and calculate the annual transport
capacity for the remaining fleet.

Remaining = FLEETR.. = BASEFT. . x (l - P0
Fleet Z,J JK'

Transport
Capacity = SHPCAP.. = FLEETR. x CC.. x RIhYR. x FLOAD.
By Class V

Annual
Transport = ANCAP. Z SHPCAP.
Capacity

for Commodity i and Year K
J

where Z sums over the vessel classes

POi,K = Phase out fractions

BASEFTi j = Base year fleet

Step 3. Add or delete ships until cargo potential = transport capacity

Cargo Surplus CARGON. = CARGOP. + CARGOP. -ANCAP.
(or Deficit) fKup ,K, dn

for Commodity i, Vessel Class j, and Year K

where CARGOP = Cargo potential

For surplus cargo, ships are added to the fleet by building
percentages according to ship class.

First determine what composite ship (in tons of capacity
by commodity) is to be added:

Composite J

Ship to be COMSHA. = (ADDPCT. . x TRIPYR.
Added

x CCi x FLOADi)
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where ADDPCTi j = fleet mix ship building percentage.

Then determine the number of ships to be added and
calculate the new fleet.

CARGON.
No. of Ships _ADDSHP. RG .
to be Added = Hi,j COMSHA. x ADDPCTi

New fleet = FLEEZN. : FLEETR. + ADDSHP.

If CARGON. < 0 delete ships starting with the
smallest until CARGON = 0.

Number of -CARGON.
*Deleted =DELSHP. .

Ships EH j CC. x TRIPYR.. x FLOAD.

If DELSHPi > FLEETRi,j, DELSHPi j = FLEETR..

* Recalculate CARGON.

CARGON. = CARGON. + DELSHP. . x CC. . x TRIPYR. . x

FLOAD.

2-

• Repeat with next larger ship class until CARGON=O.

. Subtract JELSHP. . from FLEETR.. to get the new

fleet, FLEETNi.

During the process of adding ships, Class 6
vessels are not added for ore, coal, stone, or
grain in the Welland and St. Lawrence because
for these systems a Class 6 vessel denotes an
ocean vessel.

At this point it is appropriate to point out that the new
fleet is a zero-backhaul fleet and to illustrate how the approxi-
mation loop is used to get an accurate actual fleet. This is done
in subroutine TFRCT.

I
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The Real Fleet = SHIPi,- = FLEETN. . x REDFT.

for Commodity i and Vessel Class j

where REDFT. is:
1

GBAL.

REDFT. = .5 
+ A

SGBAL. + GLOAD.
a a

where

GBAL. = Yearly total ballast transits of class j vesselsa

GLOAD. = Yearly total loaded transits of class . vesselsa

The resulting change in the fleet mix may cause a change
in the capacity analysis. To correct this, the correct fleet is
determined in 3 iterations by the IAPPROX loop. Input/Output
data for subroutine FLEET is listed in Table 4.5.

4.4 The Transit Forecast Module

The purpose of the Transit Forecast Module is to determine
the number of loaded transits, ballasted transits, pleasure craft
lockages, and ice lockages that occur for each of the 14 periods.
The Transit Forecast Module accomplishes this in four steps.

1. Loaded transits are calculated in subroutine LTRAN

2. Ballast transits are calculated on the basis of ship
utilization (input)

3. Bias traffic is assigned according to the bias traffic
parameters (input)

4. Pleasure craft and ice lockages are included in the
transit demand (input)

The four steps above are performed for each of the 14
operating periods as dictated by a loop on operating periods at
the beginning o-f the module. Steps 2, 3, and 4 are performed in
subroutine TFRCT. Input/Output data for subroutine TFRCT is
listed in Table 4.6.
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TABLE 4.5 INPUT AND OUTPUT: SUBROUTINE FLEET

INPUT

Through the Argument List

INDEXC IAPPROX -1

IR Year indicator

ISN Season extension indicator

IS Lock system indicator

LU Maximum ship class

Through Common MINARY

BASEFT(6,12) Base year fleet

CC(6,12) Carrying capacity

DISTN(2,6) Distance

EMPTY(6,12) Unloading rate

FILL(6,12) Loading rate

FLOAD(6) Loading factor

PO(80,12) Phase out fractions

REDFT(12) Fleet reduction factor

Through Common CALCOM

CARGOP(6,2,80) Cargo projections

HRS(14,4,6) Operating hours per period

VSA(14,12,4) Vessel speed of advance

OUTPUT

Through Common MINARY

FLEETN(6,12) New fleet

HRSYR(6) Operating hours per year

VSM(12,6) Mean vessel speed per year

I
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TABLE 4.6 INPUT AND OUTPUT: SUBROUTINE TFRCT

INPUT

BTF4 Bias traffic factor for validation - early
April

BTF5 Bias traffic factor for validation - late
April

BTF13 Bias traffic factor for validation - early
December

BTF14 Bias traffic factor for validation - late
December

BTF(14,4) Non-validation bais traffic factors

CARGOP(6,2,80) Cargo potential for normal fleet

DM(14) Days per operating period

EXTPT(6,2,80) Cargo potenital for extended season grain
and general cargo

PCRF(14) Pleasure craft and ice lockages per period

ZBHF(12) Ship utilization factor

OUTPUT

DLTRN(12,3,14) Daily loaded transits per period

DBTRN(12,3,14) Daily ballast transits per period (also in-
cludes pleasure craft and ice lockages)
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Before the Transit Forecast Module calls subroutine LTRAN
the periods are sequenced in order of execution by the array
MONRAY(14), and the demand indexes (DIN) are converted into abso-
lute demand factors that when totaled over the periods for one
year sum to 1.0 (DFA). At this point subroutine LTRAN is called.
Subroutine LTRAN calculates the cargo transits per period:

Cargo Transits = CTRNPM.
Per Period

which are converted into average daily loaded transits:

CTRNPM j
DLTRN

i,K DMK

for Commodity i and Vessel Class j
i

where Z sums over all commodities

and DMK is the days per operating period for operating period Z.

Actual ballast transits range from the maximum of one bal-
last transit for every loaded transit to the minimum possible
ballast transits (loaded transits up - loaded transits down).
Exactly where in this range the number of ballast transits actually
lie is determined by the ship utilization factor factor ZBHF
(previously named the zero-backhaul factor).

When ZBHF = 1.0 there is total ship utilization (minimum ballast
transits)

When ZBHF = 0.0 there is no ship utilization (maximum ballast
transits)

Example : calculate ballast transits down

EMPTY = (DLTRNj. ) - (DLTRN.
j down K up

If EMPTY > 0

(DBTRN. K) = [(DLTRNj, K) + EMPTY] x (1 ZBHF
'dn ~ yKup

If EMPTY < 0

(DBTRNVj, ) : [(DLTRNJ., K) + EMPTY] X (1 - ZBHF.)
4 dn down
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The amount of bias traffic is determined by the bias traf-
fic factors, where:

BTF = 1.0 causes maximum bias

BTF = 0.0 causes no bias

Bias traffic is generated by manipulating the ballast transits for
the desired operating period. If the operating period is an end
of season period (such as late December or January) the bias is
caused by decreasing downbound ballast transits as shown in the
following equation:

Daily
Ballasted = DBTRNdn = DBTRNdn x (1 - BTF)
Transits

If the operating period is a beginning of season period the bias
is caused by increasing the upbound ballast transits as shown in
the following equation:

Daily
Ballasted = DBTRNup = DBTRNup x (I + BTF)
Transits

Two bids factors are used; one for the validation case and
one for projectec conditions (future years and season extension).
For the validation case the bias traffic factors are BTF4, BTF5,
BTFI4, and BTFI5. For projected conditions, the array BTF(14,4)
contains the bias traffic factors for the different months and
season extensions.

Pleasure craft and ice lockages are input as the number and
direction of lockages per month and are expressed by the variable
PCRF. Pleasure craft and ice lockages have locking times equal
to the locking times of Class 4 vessels, and are included in the
program and output as "Class 3 Vessels".

4.4.1 Subroutine LTRAN

The purpose of subroutine LTRAN is to calculate the loaded
transits per operating period as a function of cargo potential
(CARGOP), vessel fleet (FLEETN), operating hours (HRS), vessel
speed of advance (VSA), cargo shipping demand (DFA), and extended
season cargo distribution requirements (TDFCX).

Subroutine LTRAN calculates the monthly loaded transits in
four steps.

1. Prohibit certain vessel classes from operating during
the winter months.
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2. Calculate or assign the portion of total annual
transits that occur in each period.

3. Calculate the annual loaded vessel transits of
each class needed to transport the desired cargo.

4. Calculate the number of loaded transits occurring
in each operating period by class, commodity,
and direction.

Step 1. Prohibit certain vessel classes from operating during
the winter months.

Because the vessel speed of advance is input
as a function of ship class, operating period and
season extension, any class vessel can be prohibited
from operating during any operating period by set-
ting the vessel speed of advance for that operating
period and season extenison to zero. Although we
have chosen to do this in subroutine LTRAN (it must
be done in subroutine FLEET for consistent results)
the vessel speeds of advance can also be set to
zero in the data files.

Step 2. Calculate or assign the portion of total annual loaded
transits that occur in each period.

The transits are distributed according to
three methods, depending on whether the validation
case is being run, whether the cargo is to be
carried by a specified ship class in extended
season, or whether the cargo to be carried will be
carried by the normal fleet. If the validation
case is being run, transit distribution factors
(TDF) are assigned according to data gathered from
lock logs and traffic reports. If the cargo is to
be carried by a specified ship class in extended
season (extended season grain and general cargo),
transit distribution factors are assigned through
the array TDFCX(5,4) in such a way as to distribute
the transits evenly over the extended season. All
normal season transits and extended season ore
and coal transits are distributed by calculated
transit distribution factors according to fleet
abilities (VSA), operating conditions (HRS), and
cargo shipping demand (OFA), as follows:
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Transit Distribution HRS X YSA
Factor According to = TDFC. VSK 7 K
Fleet Abilities and = v,j,K HRSYR. x VS4. .
Operating Conditions

For Commodity i, Vessel Class j, and Operating Period K
K

where Z sums up periods over one year

HRS. = Operating hours per operating period

VSAjK = Vessel speed of advance per period

HRSYR. = Operating hours per year

VSMj = Mean vessel speed over the year

Note that Z TDFCi j K = 1.0

Cargo shipping demand is also included in the
calculation of the transit distribution via DFA.
Relative demand indexes (DIN) ranging from 0 - 99
were read from the data files, and internally con-
verted to absolute demand factors (DFA) that sum
to 1.0 when totaled for the year. DFA is incorpor-
ated into the transit distribution factors using
two iterations of the IAPPROX loop as follows:

IAPPROX = 1 (Ist Iteration)

TDFIij K = TDFCij,K x DFAK
K

TDT.. = E TDFI

ENDFACi. I/TDFT.

IAPPROX = 2

(TDFC i,j,K) n (TDFC j,K) x DFAK xijKnew iKold K

ENDFAC.

for commodity i and Vessel Class j
K

where Z sums up period over one year
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Step 3. Calculate the annual loaded vessel transits of each
class needed to transport the desired cargo.

The cargo distribution by class (CDBC) represents
the portion of cargo transported by each class. CDBC
is a function of the new fleet (FLEETN), the number of
round-trips per year (TRIPYR) and the carrying capacity
(CC).

Cargo Tons of cargo i
Distribution = CDBC. carried by CLASS .
BDis 

-,j Total Tons of cargo jBy Class

FLEETN.. x CC. . x TRIPYR. . x FLOAD.l-77 7+CDBC. 7 (CARGOP i ) + (CARGOFP.
7up down

for Vessel Class i, Direction 1, and Commodity j

FLEETNi. : New fleet

CCi J  = Carrying Capacity

TRIPYRi. = Number of round-trips per year

CARGOPi = Cargo projections

The total annual loaded vessel transits are then:

CDBC. . x CARGOP.
Transits = CTRAN. - C . x FLOAD.

i Step 4. Calculate the number of loaded vessel transits ocurring
in each operating period by class, commodity, and
direction.

Loaded vessel transits come from two sources,
one being the normal season cargo and extended
season ore and coal movements and the other being
the extended season grain and general cargo move-
ments. Transits due to the former are calculated
as follows:

Cargo Transits
Per Operating CTRNPM i,j,K,= CTRANi,j, 1 x TDFCi,jK
Period

I
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where

CTRAN = Cargo transits per year

TDFC = Transit distribution factor (calculated)

for Commodity i, Vessel Class j, Operating Period K, and
Direction 1.

Input/Output data for subroutine LTRAN is listed in
Table 4.7.

4.5 The Ship Dispatch Module (Soo System Only)

The Ship Dispatch Module is contained within the subroutine
DISPCH. The purpose of the Ship Dispatch Module is to dispatch
the incoming vessel arrivals to the four Soo Locks. Ships are
initially dispatched on the basis of size limitations (assigning
ships to the smallest lock that the ship will fit into) and later
modified to allow ships that were originally dispatched to the
MacArthur Lock to use the Poe Lock if the MacArthur Lock experi-
ences significantly more traffic than the Poe Lock and the Poe
Lock has not reached its maximum lock utilization. Ships are
shifted from the MacArthur Lock tothe Poe Lock on the basis of
establishing equal waiting times or equal lock utilization at the
two locks.

For the expanded locks, that can occur as a capacity expan-
sion measure, the dispatch logic is essentially the same. Ships
are allocated to the minimum size lock they can fit through.
Input/Output data for subroutine DISPCH is listed in Table 4.8.

Vessels are initially assigned to the Poe and MacArthur

Lock as follows:

POE LOCK MacARTHUR LUK

Class 11,10,9,8 loaded Class 7,6,5 loaded
Class 11,10,9 ballasted Class 8,7,6,5 ballasted

The effective difference in ship arrivals can then be calculated
by taking the difference in ship arrivals weighted on locking
times.

Class j

Effective = ARTCL X TLOCKM - POECL X TLOCKP
Difference TLOCKM + TLOCKP
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TABLE 4.7 INPUT AND OUTPUT: SUBROUTINE LTRAN

INPUT

Through the Argument List

IR Year identifier

ISN Season extension identifier

IS Lock system identifier

INDEXC IAPPROX - I

Through Common CALCOM

CARGOP(6,2,80) Cargo potential for the new fleet

HRS(14,4,6) Operating hours per period

VSA(14.12,6) Vessel speeds of advance

Through Common MINARY

CC(6,12) Carrying capacities

DFA(14,4) Absolute demand fractions

FLEETN(6,12) New fleet

FLOAD(6) Loading factor

HRSYR(6) Operating hours per year

TDF(12,6) Transit distribution factors - validation case

VSM(12,6) Mean vessel speeds for the year

OUTPUT

Through Common CALCOM

CTRNPM(6,12,2) Cargo transits per period
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TABLE 4.8 INPUT AND OUTPUT: SUBROUTINE DISPCH

INPUT

Through the Argument List

MN Month

IS Lock system

LU Ship class

ISW Flag for desired dispatch criteria:
1 = equal waiting ' ,e Iasis
0 = equal lock utili-ation basis

RHOPOE Maximum lock utilizatio, for the Poe

JCT Counter for number of iterations used to
dispatch ships according to one of the two
dispatch criteria

DATM(14) Operating hours available per day per
operating season

Through Common QUECOM

DLTRN(12,3,14) Daily loaded transits

DBTRN(12,3,14) Daily ballasted transits

Through Common Q

RHO(2,1) Lock utilization in downbound direction for
the Poe Lock

OUTPUT

Through Common Q

ARTAR(12,2) Arrivals at the MacArthur Lock

POEAR(12,2) Arrivals at the Poe Lock

SABAR(12,2) Arrivals at the Sabin and Davis Locks

DAVAR(12,2) Arrivals at the new Davis Lock (larger lock)
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where

ARTCL = MacArthur class arrivals

TLOCKM = Typical lock cycle time for the MacArthur
Lock

POECL = Poe class arrivals

TLOCKP = Typical lock cycle time for the Poe Lock

If the MacArthur Lock is experiencing a large number of "effective"
arrivals, MacArthur class ships are shifted over to the Poe accord-
ing to the replacement fraction.

Replacement = RMPCL - ARTPOE
Fraction ARTCL

Then, additional Poe arrivals are:

Additional POEAR = DLTRN. x RPMCL
Poe Arrivals 3

where

DLTRN. = Daily loaded transits3

with j varying from Class 5 to Class 7.

The MacArthur Lock now sees fewer arrivals.

MacArthur = ARTAR = DLTRN. x (1 - RPMCL)Arrivals

with j varying from Class 5 to Class 7.

To dispatch ships according to either the equal waiting
time basis or the equal lock utilization basis the Lbck Cycle Time
Module and the Queuing Module must be run to calculate the waiting
time and the lock utilization. If equal waiting time is desired
and the waiting time at the Poe Lock is greater than the waiting
time at the MacArthur Lock, the replacement fraction RPMCL is
decreased and the waiting time is recalculated with the new dis-
tribution of ships between the two locks. If equal lock utiliza-
tion is desired TLOCKP and TLOCKM are updated to the actual values
calculated in the Lock Cycle Time Module and the Dispatch Module
is executed again.
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Now, if the capacity expansion measure calls for larger
locks the dispatch of ships is only slightly different. The
program is only capable of doing equal lock utilization basis
dispatching when larger locks are built.

If a vessel Class 11 size lock is built vessels are

assigned as follows:

Sabin Lock

Class 4 loaded
Classes 4-8 ballast

MacArthur Lock

Classes 5-7 loaded

Poe Lock

Classes 8-10 loaded
Classes 9-10 ballast

New Davis Lock (1350 x 115)

Class 11 loaded and ballast

If Class 12 size locks are built, ships are allocated as follows:

MacArthur Lock

Class 4-7 loaded and ballast

Poe Lock

Classes 8-10 loaded and ballast

Sabin-Davis Lock (1460 x 145)

Classes 11-12 loaded and ballast

Effective arrival differences are calculated similar to above:

Effective = ARDI (CLi x TLOCKP.)V - (cLi+1 x TLOCKMi+ 1)Eifferctive ARDIF. i ~
Difference TLOCKM i + TLOCKMi+1

where

CL, = Ship arrivals, indexed by lock.
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II
I

For Class 11 Lock

i = 1 Sabin Lock
i = 2 MacArthur Lock
i = 3 Poe Lock
i t 4 New Davis Lock 1350 x 115

For Class 12 Lock

i = 1 deleted
i = 2,3 same as above
i = 4 Sabin-Davis Lock 1460 x 145

and

TLOCKM. = Typical lock cycle time, indexed same as above

When done this way, lock utilizations are equalized between all
pairs of locks.

Replacement = RPLCL. - ARDIF

Fractions - CL.

If the replacement fractions become greater than 0.005, ships are
reallocated to the next larger lock until the lock utilizations
are equal.

4.6 The Lock Cycle Time Module

The Lock Cycle Time Module is contained in subroutine
CYCLTM. Input/Output variables appear in Table 4.9. The purpose
of the Lock Cycle Time Module is to calculate the mean lock cycle
time, the variance in the lock cycle time, and the lock utiliza-
tion for each lock and fleet mix. The lock utilization calcula-
tions for the expanded locks (Classes 11 and 12) are presently
contained in subroutine DISPCH. Before the lock cycle time is
calculated, the ship arrivals are assigned to working variables,
the arrival rate is determined, and the mean locking time for
each direction is calculated.

The working variable for ship arrivals is SOOAR. SOOAR is

defined as follows for the three lock systems:

For the Welland and St. Lawrence:

SOOARJK. DLTRNj + DBTRNj
s. jj ,'K j ,K

where i includes both the constraining and the non-con-
straining lock.
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TABLE 4.9 INPUT AND OUTPUT: SUBROUTINE CYCLTM

INPUT

Through Argument List

ROHMAX Maximum lock utilization

RHOPOE Maximum lock utilization for the Poe Lock

Through Common CALCOM

TMLOCK(12,2,4) Locking times for individual vessels

Through Common OAT1

DATM(14) Operating hours per day

STDEV(12,2,4) Locking time standard deviation

TURNBK(4) Turnback time for the lock

Through Common QUECOM

DBTRN(12,3,14) Daily ballast transits

DLTRN(12,3,14) Daily loaded transits

Through Common Q

ARTAR(12,2) MacArthur Lock arrivals

POEAR(12,2) Poe Lock arrivals

SABAR(12,2) Sabin and Davis Lock arrivals

TIMES(14) Percentage increase in locking time due to ice

OUTPUT

Through Common Q

CUTF(3,2) Transit cut-off factor for capacity conditions

RAMDA(3,2) Vessel arrival rate

RHO(3,2) Lock utilization

TICYCL(3,2) Mean lock cycle time

SDEV(3,2) Standard deviation of the mean lock cycle time
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For the Soo Locks:

SGOAR,, ? OEAR i Poe
K3j

SOOAR ilj. = ARTARKI J  i = MacArthur

SOOAR. j,. = SABARK j  i = Sabin and Davis

The mean vessel arrival rate is defined as:

DLTLOCK. j
RAMDA - TM' x 60

D.4TL x 60

where

K
DTLOCK E SOOARij K

K

Z sums over the vessel classes

for Lock i, Direction j , and Operating Period Z.

The mean one-way lock cycle time is the sum of the locking
time for each individual class multiplied by the fraction of
transits that each particular class accounts for.

K SOOAR ..
TMEANi j  Z (TO J ' X TMLOCKi.,j,K x TIMES )

Similarly, the locking time variance is:

K SOORAR. K SOOAR.

AVGVAR = Z (- D jK x STEDV. + E) + K

DTLOCK.J z,3,K DTLOCK..

X (TMLOCKi,j,K - TMEANi, j,k)2)

The mean lock cycle time (TMCYCL) is a solution to several
simultaneous equations, the combination of which appears in the
Lock Cycle Time Module. The mean lock cycle time has as its max-
imum value the Heavy Balanced Lock Cycle Time, defined as:

HBLCT = (TMEAN)up + (TMEAN)dow n

If the mean lock cycle time becomes greater than the heavy bal-
anced lock cycle time, the mean lock cycle time is reassigned as
the heavy balanced lock cycle time.
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The maximum number of transits per day that the lock can
handle with the same fleet mix can then be defined as:

RHOCAP x 60 x DATM
CAPCTY = BCHBLCT

Lock utilization for each lock and direction is:

RHO. = RAMDA.. x TMCYCL.

for Lock i and Direction j

where

TMCYCL = Mean lock cycle time.

If the lock utilization for the Sabin becomes greater than 0.7,
the Davis Lock is brought into operation. Both locks are assumed
to function identically and split the transit demand equally.

If the maximum lock utilization is reached, the transit
demand cannot be met and some ships are denied the opportunity to
transit the locks. The number of ships that can transit the locks
is determined by the cut-off factor:

Cut-Off = RHOCAP
Factor T - RHO.

for Lock i and Direction j.

Lock cycle time variance is defined as:

Lock Cycle : (VARTMi) = (AVOVAR
Time Variance up uuup up up

+ 2 x (I - (RHO.) )2 +
dn dn

x (AVGVARi)dn

Lock Cycle = (VARTM.) = (AVGVARi)
Time Variancedn dn dn

+ 2 x (1 - (RHO i ) )2 + (AVjVAR.)

up up

x (RHOi)
2

up
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4.7 The Queuing Module

The Queuing Module is contained in subroutine QUEMOD.
Input/Output variables appear in Table 4.10. The purpose of the
Queuing Module is to determine the mean vessel waiting time and
the mean queue length for each lock system and direction of
travel. The Queuing Module also calculates the time spent in
queues in one complete transit of the lock system (for the Welland
and St. Lawrence), and truncates transits when maximum lock utili-
zation is reached.

Mean vessel waiting time and mean queue length are calcu-
lated as follows:

RAMDA. .2 x VATM. + RHO.
Waiting = WTQM, ,

Time Ij,l 2 x RAMDA x (1 - RHOij)

Queue = QUE =
Length i,j,li WTQkj x RAMDAi j

for Lock i, Direction j, and Operating Period Z.

For the Welland and St. Lawrence Systems the waiting time
and length of queue for the non-constraining lock is multiplied
by the number of non-constraining locks in the system. For all
systems, the transits are cut off in the event that the locks
reach capacity except for the non-constraining locks in the
Welland and St. Lawrence Lock Systems.

QUEi J.= QUE i j x CALFAC

Total Waiting
Time Per : WTQMi . = WTQMi j x CALFAC
Direction

Actual - . = soo CUTF.
Transits i,j,K x CUT-iKj

g where CALFAC - number of non-constraining locks

Jg Z sums both directions

for Lock i, Vessel Class K, and Operating Period Z.

I
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TABLE 4.10 INPUT AND OUTPUT: SUBROUTINE QUEMOD

INPUT

Through Argument List

CALFAC Number of non-constraining locks (Welland
and St. Lawrence)

Through Common Q

CUTF Transit cut-off factor

RAMDA(4,2) Vessel arrival rate

RHO(4,2) Lock utilization

SOOAR(4,12,2) Vessel transit demand

VARTM(4,2) Lock cycle time variance

OUTPUT

Through Common QUECOM

QUE(4,2,14) Mean queue length

WTQM(4,2,14) Mean vessel waiting time

Through Common Q

SOOAR(4,12,2) Actual vessel transits
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4.8 The Economic Module

The purpose of the Economic Module is to compute the delay
cost experienced by each lock and vessel class based on the ship
costs and the waiting time. Input/Output variables appear in
Table 4.11. The delay cost is the product of waiting time and
ship cost per hour, summed for both directions of travel.

TDLSTi = E WTQMi, . x SCOSTJ x SOOARi,j, K

for Lock i, Vessel Class K, Operating Period 1, and

for Commodity i, and Direction j.

4.9 Cargo Tonnage, System Round-Trip, and
Waiting Time Module

This module is contained in subroutine CARTON. Input/Out-
put variables appear in Table 4.12. The purpose of the Cargo
Tonnage Section is to compute the projected cargo flow and the
actual cargo flow for each operating period and commodity.

The purpose of the System Round-Trip and Waiting Time
Section is to calculate the time it takes for a vessel to make
one round-trip in the Welland Canal or the St. Lawrence River
including time spent in queues and slowdowns due to weather (ice)
conditions. The system round-trip and waiting time is the sum of
the time spent in upbound locks and queues, the time spent in
downbound queues and locks, and the time spent between locks and
queues. The time spent between locks and queues is multiplied by
a transit time increase factor as a function of month that in-
creases transit times due to winter conditions.

Actual Cargo j K
Per Operating = CAGOCL. =Z Z (CTRNPM. . x CC.
Period 1.1 , 11, K.,lZ

x CUTF )

Projected
Cargo Per =PRG Z j K
Operating i, i,j,K,Z i,j
Period

for Commodity i, Vessel Class j, Direction K, and Operating
Period I
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TABLE 4.11 INPUT AND OUTPUT: ECONOMIC MODULE

INPUT

SCOST(1I) Ship cost

SOOAR(3,11,2) Actual transits

WTZM(3,2,14) Waiting time per lock or series of locks

OUTPUT*

TDCST(14,11,3) Daily delay cost per lock, vessel,
class, and operating period

* Has been suppressed for this project.
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TABLE 4.12 INPUT AND OUTPUT: SUBROUTINE CARTON

INPUT

Through Argument List

SYSADD Time spent in flight locks

SYSFAC Number of non-constraining locks

SYSTIM Time spent in transit between locks and
queues per round-trip - Welland and
St. Lawrence

Through Common CALCOM

CTRNPM(6,12,2) Cargo transits per operating period

Through Common MINARY

CC(6,12) Carrying capacities

Through Common QUECOM

WTQM(4,2,14) Mean waiting time

Through Common Q

TMCYCL(4,2) Mean lock cycle time

TTI Transit time increase

CUTF(4,2) Transit cut-off factor

OUTPUT

Through Common PRJCOM

PCARG(3,15,6) Projected cargo tonnage

Through Common CARGCM

CAGOCM(6,14) Actual cargo tonnage

Through Common QUECOM

ISYSTM(14), System round-trip and waiting time per
operating period

4-35

-



where

cc =Carrying capacities

CTRNPM = Cargo transits per operating period

CUTF = Transit cut-off factor

Time Spent
in Upbound = SYSTUP (TMCYCL ) + SYSFAC

Locks and up constr.
Queues

x (TMCYCLE ) + SYSADD
up non-constr.

Time Spent
in Downbound = SYSTDN = (TMCYCLd) + SYSFAC
Locks and dn constr.
Queues

x (TMCYCLEdn) + (WTQMd constr

+ (WTQmdn) + SYSADD
non-cons tr.

Time Spent SYSTEM SYSTM X TTI
in Transit

System R.T. ISYSTM : SYSTUP + SYSTDN + SYSTM
and W.T.

4.10 The Output Module

The controllirg statements of the Output Module are in
subroutine OUTMOD. The purpose of the Output Module is to gather
the information generated by the lock capacity analyses and to
print the information in tabular form. The output appears in
seven routines and two tables printed within the module in the
following order:

Projected Cargo (Subroutine PROJCR)
Fleet Mix (Subroutine MIX)
Vessel Characteristics (Subroutine VESCHR)
Yearly Transits (Subroutine OUTMOD)
Daily Transit Demand (Subroutine OUTMOD)
Actual Transits (Subroutine ACTRAN and ACTRN2)
Queuing Information (Subroutine QUETAB)
Actual Cargo Flow (Subroutine ACCARG)
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The subroutines themselves call subroutine HEADER, which
prints the header describing each particular run at the top of
each new page. Subroutine QUEUE prints the appropriate table
headings for the queuing information table depending on the lock
system being run. Each subroutine and table-printing section as-
signs the old working variables to new variables conveniently
dimensioned for printing. Neither the yearly transit information
and the daily transit demand tables are printed in subroutines,
and a list of input and output for the yearly transit table and
the daily transit demand table appear in Table 4.13 and Table 4.14
respectively.

4.10.1 Subroutine HEADER

The purpose of subroutine HEADER is to print the header
describing each particular run in terms of year, season extension,
locking time range, and fleet response. Subroutine HEADER also
contains the carriage controls, date, and page numbers. Input/
Output variables appear in Table 4.15.

4.10.2 Subroutine PROJCR

The purpose of subroutine PROJCR is to print the projected
cargo tonnage by commodity, operating period, and direction through
the locks. Input/Output variables appear in Table 4.16.

4.10.3 Subroutine MIX

The purpose of subroutine MIX is to print out the actual
fleet mix by vessel class and commodity. Input/Output variables
appear in Table 4.17.

4.10.4 Subroutine VESCHR

The purpose of subroutine VESCHR is to print out the vesselI characteristics including vessel utilization, locking times, and
cost per hour. Input/Output variables appear in Table 4.18.

4.10.5 Subroutines ACTRAN and ACTRN2

The purpose of subroutines ACTRAN and ACTRN2 is to print
out the actual transits by operating period, lock, vessel class,
and direction through the locks. Subroutine ACTRAN is called for
the Soo Lock System and subroutine ACTRN2 is called for the Welland
and St. Lawrence Systems. Input/Output variables appear in Table
4.19.

I
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TABLE 4.13 INPUT AND OUTPUT FOR THE YEARLY TRANSIT TABLE

INPUT

DLTRN(12,3,14) Average daily loaded transits by vessel

class and direction

DBTRN(12,3,14) Average daily ballast transits by vessel
class and direction

DM(14) Days per operating period

ICTRNP(6,12,2) Cargo transits per operating year by
commodity, vessel class, and direction

OUTPUT

ICTRNP(6,12,2) Cargo transits per operating year by
commodity, vessel class, and direction

ITOTC(2,6) Cargo transits per operating year by
direction and commodity

ILTR(3,12) Cargo transits per operating year by
direction and vessel class

ITOT(3,3) Total annual vessel transits by direction
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TABLE 4.14 INPUT AND OUTPUT FOR THE DAILY TRANSIT DEMAND
TABLE

INPUT

DLTRN(12,3,14) Average daily loaded transits by vessel
class and direction

DBTRN(12,3,14) Average daily ballast transits by vessel
class and direction

IBMO(14) Hollerith field containing the names of
the 14 operating periods

OUTPUT

IBMO(14) Names of the 14 operating periods

TOTDB(3,14) Average daily ballast transits by direc-

tion

TOTDL(3,14) Average daily loaded transits by direc-
tion

TOTDT(3,14) Average daily total transits by direction

DLTRN(12,3,14) Average daily loaded transits by vessel
class and direction

DBTRN(12,3,14) Average daily ballast transits by vess%
class and direction

DT(12,3,14) Average daily total transits by vessel
class and direction

4
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TABLE 4.15 INPUT AND OUTPUT: SUBROUTINE HEADER

INPUT

Through the Argument List

IS Loop index on lock systems

INUMB Page number

IR Loop index for years

ISN Loop index for season extensions

ILTML Loop index for locking time ranges

Through Common HEDCOM

IBMO(14) Hollerith fields containing operating period
names

IYR(8) Constants representing the years 1976-2040

OUTPUT

IYR(80) Constants representing the years 1976-2040

ISN Loop index for season extensions

ILT(3) Hollerith field containing locking time
range titles

I
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TABLE 4.16 INPUT AND OUTPUT: SUBROUTINE PROJCR

INPUT

Through the Argument List

CARF(3,15,80) Internal commodity forecast working variable

IS Loop index for lock system

INUMB Page number

IR Loop index for year

ISN Loop index for season extension

ILTML Loop index for locking time ranges

Through Common HEDCOM

IBMO(14) Hollerith field containing operating period
names

Through Common PRJCOM

IPCARG(3,15,6) Projected cargo tonnage flow per operating
period and commodity

PCARG(3,15,6) IPCARG in real mode

OUTPUT

IBMO(14) Hollerith field containing operating period
names

IPCARG(3,15,6) Projected cargo tonnage flow per operating
period and commodity

IPCTOT(3,15) Projected cargo tonnage flow per operating
period
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TABLE 4.17 INPUT AND OUTPUT: SUBROUTINE MIX

INPUT

LU Largest vessel class designation per

system

IS Loop index for lock systems

INUMB Page number

IR Loop index for years

ISN Loop index for season extensions

ILTML Loop index for locking time ranges

SHIP(12,6) Actual fleet by vessel class and commodity

OUTPUT

SHIP(12,6) Actual fleet by vessel class and commodity

TSHIP(6) Actual fleet by commodity

TSHIPS(12) Actual fleet by vessel class

TTSHIP Number of ships in the actual fleet

IPCT(6,12) Shipbuilding percentage by commodity and
class

ASHIP Composite ship class by commodity

ATSHIP Overall fleet composite ship class
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TABLE 4.18. INPUT AND OUTPUT: SUBROUTINE VESCHR

INPUT

Through the Argument List

IS Loop index for lock systems

LU Largest vessel class designation per system

LMIN(II) Minimum vessel length per vessel class

LMAX(II) Maximum vessel length per vessel class

Through Common CLACOM

TMLOCK(12,2,4) Locking time per vessel class, direction,
and lock

Through Common MINARY

CC(6,12) Carrying capacities by commodity and vessel class

ZBHF(12) Ship utilization factor by vessel class

Through Common DAT1

XCAP(12) Vessel capital cost/hour per vessel class

XSHIP(12) Vessel operating cost/hour per vessel class

OUTPUT

LMIN(12) Minimum vessel length per vessel class

LMAX(12) Maximum vessel length per vessel class
VSM(12,6) Mean annual vessel speed per vessel class

and commodity

ICCC Carrying capacities

IZBH(12) Ship utilization factor x 100

ITMLK1 Locking time up

ITMLK2 Locking time down

IXSHIP Vessel operating cost/hour

IXXCAP Vessel capital cost/hour

CAPINC(12) Capacity increase with draft
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TABLE 4.19 INPUT AND OUTPUT: SUBROUTINES ACTRAN AND ACTRN2

INPUT

Through the Argument List

LU Largest vessel class designation per
system

IS Loop index for lock systems

INUMB Page number

IR Loop index for years

ISN Loop index for season extensions

ILTML Loop index for locking time ranges

Through Common HEDCOM

IBMO(14) Hollerith field containing orerating
period names

Through Common CARGCM

SOR(12,12,14) Number of daily lock arrivals

OUTPUT

IBMO(14) Hollerith field containing operating

period names

SOR(12,12,14) Number of daily lock arrivals

SORTOT(24) Total daily lock arrivals

4-44



4.10.6 Subroutine qUETAB

The purpose of subroutine QUETAB is to print out the queu-
ing and locking time information by lock and operating period.
Subroutine QUETAB calls subroutine QUEUE which prints out the
appropriate table headings depending on the lock system. Input/
Output variables appear in Table 4.20.

4.10.7" Subroutine QUEUE

The purpose of subroutine QUEUE is to print the appropriate
headings for the queuing information depending on the lock system.
Input/Output variables appear in Table 4.21.

4.10.8 Subroutine ACCARG

The purpose of subroutine ACCARG is to print the actual
cargo tonnage that has transited the locks by operating period and
commodity. Input/Output variables appear in Table 4.22.
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TABLE 4.20 INPUT AND OUTPUT: SUBROUTINE QUETAB

INPUT

Through the Argument List

IS Loop index for lock systems

INUMB Page number

IR Loop index for years

ISN Loop index for season extensions

ILTML Loop index for locking time ranges

LU Largest vessel class designation per system

Through Common HEDCOM

IBMO(14) Hollerith field containing operating period
names

IYR(80) Constants representing the years 1978-2050

Through Common CALCOM

HRS(14,4,6) Operating hours per operating season

Through Common Quecom

IRHO(4,14) Lock utilization

ISDEV(4,2,14) Lock cycle time standard deviation

ISYSTM(14) System round-trip and waiting time

ITMCYC(4,2,14) Lock cycle time

QUE(4,2,14) Queue length

WTQM(4,2,14) Waiting time

OUTPUT

IBMO(14) Hollerith fields containing operating

period names

IHRS(14) Operating hours per operating period

ITMCYC(4,2,14) Lock cycle time

ISDEV(4,2,14) Lock cycle time standard deviation

WTQM(4,2,,14) Waiting time

QUE(4,2,14) Queue length

IRHO(4,14) Lock utilization

ISYSTM(14) System round-trip and waiting time
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TABLE 4.21 INPUT AND OUTPUT: SUBROUTINE QUEUE

INPUT

IKNTl Internal couting index

OUTPUT

-TABLE HEADINGS-
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TABLE 4.2Z INPUT AND OUTPUT: SUBROUTINE ACCARG

INPUT

Through the Argument List

CARF(3,15,80) Internal commodity forecast working variable

Through Common CARGCM

CARGOCM(6,14) Actual cargo tonnage flow by commodity and
operating period

Through Common PRJCOM

IPCARG(3,15,15) Projected cargo tonnage flow

OUTPUT

ICAG(15) Hollerith field containing commodity names

ICAGO(15,14) Actual cargo tonnage transported by commodity
and operating period

ITFLOW(15) Actual cargo tonnage transported by commodity

ICFLOW(15) Actual cargo tonnage transported by operating
period
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APPENDIX A

PROGRAM VARIABLES

A brief description of all the variables that appear in
the common statements (common statements appear alphabetically)
followed by variables that appear in the modules but are not
present in the common statements.

COMMON CALCOM

CARGOP(6,2,80) Cargo tonnage potential to be
carried by the calculated fleet
by commodity, direction, and year

CTRAN(6,12,4) Cargo transits per year by commod-
ity, vessel class, and direction

CTRNPM(6,12,2) Cargo transits per operating
period, commodity, vessel class,
and direction

EXTPT(6,2,80) Grain and general cargo tonnage
potential shipped in the extended
season

HRS(14,4,6) Operating hours per period, season
extension, and commodity

TMLOCK(12,2,4) Locking time by vessel class,
direction, and lock

VSA(14,12,4) Vessel speed of advance per oper-
ating period, vessel class, and
season extension

COMMON CARGCM

CAGOCM(6,14) Actual cargo tonnage processed per
operating period and commodity

SOR(12,12,14) Daily transit demand output var-
iable by operating period and
vessel class
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COMMON COMMOD

Commnodity projections input data

AIRORE(80,3), Iron ore

ALMSTN(80,3) Limestone

AMIN(80,3) Non-metalic minerals

BLYRYE(80,3) Barley and rye

CEMENT(8O,3) Cement

COAL(80,3) Coal (also internal classification)

CORN(80,3) Corn

DRYBLK(80,3) Dry bulk

GENCAR(80,3) General cargo

OILSD(80,3) Oilseeds

PETROL(80,3) Petroleum products

RAWMAT(80,3) Raw materials

SOY(8O,3) Soybeans

STLPRO(80,3) Steel products

WHEAT(80,3) Wheat

Internal Commodity Classifications

BULK(80,3) Bulk

GENCAR(80,3) General cargo

GRAIN(80,3) Grain

ORE(80,3) Ore

STONE(80,3) Stone
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COMMON DATl

BTF(14,4) Bias traffic factor by operating
period and season extension

CAREXI(6,2,80) Cargo tonnage potential to be
carried by the calculated fleet
during season extension 1 by com-
modity direction and year

CAREX2(6,2,80) Identical to CAREX1 above except
for season extension 2 instead of
extension 1

DATM(14) Operating hours available per day
per operating season

DIN(14,4) Demand indexes per operating per-
iod and season extension

GBAL(12) Total annual ballasted transits
per vessel class

GLOAD(12) Total annual loaded transits per
vessel class

IZBH(12) Ship utilization factor x 100
(integer)

LYEAR(80) Year index

PCRF(14,2) Pleasure craft and ice lockages
per operating period and direction

SCOST(12) Ship capital + operating costs per
hour and vessel class

STDEV(12,2,4) Standard deviation in locking times
by vessel class, direction, and
lock

TLTML 02,2,4) Low locking times per vessel class,
direction, and lock

TLML3(12,2,4) High locking times per vessel
class, direction, and lock

TURNBK(4) Turnback time per lock
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XCAP(12) Ship capital costs per hour by
vessel class

XSHIP(12) Ship operating costs per hour by
vessel class

ZB(12) Ship utilization factors by vessel
class

COMMON HEDCOM

IBMO(14) Hollerith fields containing the
names of the 14 operating periods

IYR(80) Constants representing the sequen-
tial years (1978-2050)

COMMON MINARY

ADDPCT(6,12) Shipbuilding percentages by com-
modity and vessel class

BASEFT(6,12) Base fleet

CAPINC(12) Ship capacity increase with in-
crease in depth

CC(6,12) Carrying capacities by commodity
and vessel class

DFA(14,4) Absolute demand factors per period
and season extension

DISTN(2,6) Mean distance between ports by
direction and vessel class

EMPTY(6,12) UnloadiNg rate in short t'jns per
hour by commodity and vessel class

I FILL(6,12) Loading rate in short tons per
hour by commodity and vessel class

FLEETN(6,12) New zero-backhaul fleet by com-
modity and vessel class

FLOAD(6) Loading factor to account for
broken stowage per commodity

HRSYR(6) Operating hours per year per com-
modity
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P0(80,12) Phase out fractions per year and
vessel class

REDFT(12) Fleet reduction factor to convert
the zero-backhaul new fleet into
the actual fleet

TDF(12,14) Transit distribution factors for
the validation year by vessel class
and operating period

TRIPYR(6,12) Number of round-trips a single ship
can make in one operating year by
commodity and vessel class

VSM(12,6) Mean vessel speed per vessel class
and commodity

WDIST(6) Mean distance between major commod-
ity ports, both directions, by
commodity

ZBHF(12) Ship utilization factors by vessel

class

COMMON PRELIM

ISES(4) Season extension flags

ILTM(3) Locking time range flags

COMMON PRJCOM

IPCARGO(3,15,15) Projected cargo tonnage flow per
operating period and commodity in
integer format

PCARG(3,15,6) Projected cargo tonnage (IPCARG)
in real format

COMMON Q

ARTAR(12,2) Number of ships that are arriving
at the MacArthur Lock per day by
vessel class and direction

ARTCL(2), Number of ships that can be assign-
ed to the MacArthur Lock per day
by direction
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ARTPOE(2) Effective difference in daily ship
arrivals between the Poe and
MacArthur Locks

AVGVAR(4,2) Locking time variance

CAPCTY(4,2) Maximum number of daily transits
possible before maximum lock utili-
zation is reached by lock and
direction

CUTF(3,2) Portion of transits that are pro-
cessed if capacity is reached by
lock and direction

DTLOCK(3,2) Total number of daily arrivals by
lock and direction

LMAX(12) Maximum vessel length per class

LMIN(12) Minimum vessel length per class

MONRAY(14) Array containing the order operat-
ing periods are analyzed

POEAR(12,2) Number of ships that do arrive at
the Poe Lock per day by vessel class
and direction

POECL(2) Number of ship arrivals that fit
through the Poe Lock only per day

RAMDA(4,2) Vessel arrival rate be lock and
direction

RHO(4,2) Lock utilization by lock and
direction

RPMCL(2) Replacement fraction in ship dis-1 patch module for transfer of ships
from the MacArthur Lock to the Poe
Lock by direction [

° ,' (I2,2) Number of daily arrivals to the
Sabin and Davis Locks by vessel
class and direction

SDEV(4,Z) Locking time standard deviation by
lock and direction
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SHIP(12,6) Actual fleet by vessel class and
commodity

SOOAR(4,12,2) Daily vessel arrivals per lock by
vessel class and direction

TBAL(14,12) Number of ballast transits per day
by operating period and vessel class

TBALT(12) Total annual ballast transits per
vessel class

TDCST(4,12) Daily delay cost per lock and
vessel class

TIMES(14) Locking time increase per operating
period due to winter

TLOAD(14,12) Number of loaded transits per day
by operating period and vessel class

TLOADT(12) Total annual loaded transits per
vessel class

TLOCKM(4,2) Typical locking time for each of
the Soo Locks by direction

TMCYCL(4,2) Mean lock cycle time by lock and

direction

TMEAN(4,2) Mean one-way locking time by lock
and direction

TTI(14) Transit time increase by operating
period due to winter

VARTM(4,2) Variance of mean lock cycle time

by lock and direction

VARTNB Variance in the lock turnback time

YESTRN Logical variable indicating if
transits occurred in each operating
period
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COMMON QUECOM

CAGOCL(6,12) Cargo carried per vessel class and
commodity per operating period

DBTRN(12,3,14) Average daily ballast transits by
vessel class, direction and oper-
ating period

DLTRN(12,3,14) Average daily loaded transits by
vessel class, direction, and oper-
ating period

DM(14) Days per month

DT(12,3,14) Average daily loaded +ballast tran-
sits by vessel class, direction,
and operating period

ICTRNP(6,12,2) Cargo transits per operating year
by commodity, vessel class, and
direction

IDBTRN(12,3) Total ballasted transits per
operating period year by vessel
class and direction

IDLTRN(12,3) Total loaded transits per oper-
ating year by vessel class and
direction

IHRS(14) Maximum operating hours per oper-
ating season

ILTR(3,12) Cargo transits per operating period
by direction and vessel class

IRHO(4,14) Lock utilization x 100 by lock and
operating period

ISDEV(4,2,14) Lock cycle time standard deviation
by lock, direction, and operating
period

ISYSTM(14) System round-trip and waiting time
for the Welland and St. Lawrence
operating period

ITLTR(3,12) Total annual vessel transits by
direction and vessel class
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ITMCST(15,12,4) Delay cost per operating period by
vessel class and lock

ITMCYC(4,2,14) Mean lock cycle time by lock, di-
rection, and operating period

ITOT(3,3) Total annual vessel transits by
direction

ITOTC(2,6) Cargo transits per operating year
by direction and commodity

ITTCST(12,3) Delay cost

QUE(4,2,14) Average queue length by lock, di-
rection and operating period

TOTDB(3,14) Average daily ballast transits per
direction and operating period

TOTDL(3,14) Average daily loaded transits per
direction and operating period

TOTDT(3,14) Average daily loaded + ballast
transits by direction and operating
period

WTQM(4,2,14) Average waiting time by lock, di-
rection, and operating period

XDBTRN(12,2) IDBTRN (Real)

XDLTRN(12,2) IDLTRN (Real)

VARIABLES NOT IN COMMON

ABTEST Very small number for logical
comparisons

ACARGO Actual cargo carried per operating
period, commodity, vessel class,
and direction

ADDSHP(6,12) Additional new ships built to
meet the cargo tonnage potential
by commodity and vessel class

ALLSHP(6,12) Number of additional ships built
by commodity and vessel class
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ANCAP(6) Remaining fleet cargo transport
capacity by commodity

BTF4 Base year bias traffic factor for
early April

BTF5 Base year bias traffic factor for
late April

BTF13 Base year bais traffic factor for
early December

BTF14 Base year bias traffic factor for
late December

CALFAC System queue length and waiting
time multiplier (number of non-
constraining locks)

CARGON Cargo not transported by the re-
maining fleet

CARGT(12,2) Total cargo transits per year by
vessel class and direction

CDBC(6,12) Cargo distribution fractions by
commodity and vessel class

COMSHA(6) Composite ship to be added to fleet
by commodity

DELSHP(6,12) Number of ships that must be de-
leted from the remaining fleet if
the fleet it too large

DIFROE The difference between lock utili-
zation of the separate locks at
the Soo

DRAFT New system draft for a capacity
expansion measure

ENDFAC(6,12) Partial calculation of TDFC in sub-
routine LTRAN; used to incorporate
cargo shipping demand

EMPTY2 Difference between upbound and
downbound daily loaded transits
(DLTRN)

A
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FACTOR Cargo projections multiplier

FLEETR(6,12) Remaining fleet by commodity and
vessel class

HBLCT Heavy balanced lock cycle time

HOLD Intermediate variable used to
flip upbound and downbound daily
transit demands for printing

GONOGO Data file go/no go flag

IAPROX Loop index for approximation
iterations

ICAGO(6,14) Actual cargo transported by com-
modity and month

ICAP Intermediate variable used for
capacity check

ICAPX Capacity expansion measure imple-
mentation flag (0 = no, 1 = yes)

ICCC Carrying capacities (Integer)

ICFLOW(15) Actual cargo transported by month

IDEBUG Logical variable used for printing
a debugging file from internal
WRITE statements

IDEC Variable used for year counting

IDECI Variable used for year counting

IKNTl Internal counting mechanism for
queuing output

ILOCK Individual lock label at the Soo

ILT(3) Hollerith field containing locking
time range titles

ILTM(3) Flag for desired locking time range

ILTML Loop index for locking time ranges

AI
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IND INDVLK + 1

INDEXC IAPPROX-I

INDVLK Individual lock loop index variable

INUMB Page number

IPCTOT(3,15) Projected cargo tonnage by di-
rection and operating period

IPGS Total number of pages per run

IRINC Intermediate variable for year
counting

IRR Intermediate variable for year
counting

IR Loop index for years

IS Data file identifier

ISN Loop index for season extensions

ISW Ship dispatch criteria index

ISES(4) Flag for desired season extensions

ISYST Lock system loop index

ITFLOW(6) Actual cargo tonnage transported
per year by commodity

ITMLKI Locking time up

ITMLK2 Locking time down

IXSHIP Vessel operating costs

IXCAP Vessel capital costs

IY Intermediate variable for year
counting

IYEAR Intermediate variable for year
counting

IYRCAP Year capacity is reached
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JlO Intermediate variables for year
J20 counting after capacity expansion
JCT measure implementation
JYR

KU Number of different locks per
system

LC Loop index per vessel class

LOCKS Capacity expansion measure flag
for the option of increasing lock
size when system draft is increased

LU Highest vessel class per system

MC Loop index for commodity

MEASUR Capacity expansion measure label
variable

MN Loop index for operating period

NEWLU New maximum vessel class for
capacity expansion measures

NEXPG Carriage control to start each
table on a new page

NHOWTO Locking time reduction option label

RHOMAX Maximum lock utilization

RHOPOE Maximum lock utilization for the
Poe Lock

SHPCAP(6,12) Annual cargo transport capacity
of the remaining fleet by commodity
and vessel class

SORTOT(18) Daily vessel arrivals dimensioned
for printing

SYSADO Time spent in flight locks per
round-trip

f

SYSFAC Lock cycle time muliplier (Number of
non-constraining locks) Welland
and St. Lawrence
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SYSTIM Time spent in transit between locks
and queues per round-trip - Welland
and St. Lawrence

TCARG Total cargo up and down

TDFC(12,14) Transit distribution factors by
vessel class and operating period

TDFI Parital calculation of TDFC; used
to include cargo shipping demand

TDFT Partial calculation of TDFC; used
to include cargo shipping demand

TDIN Total of the input demand indexes
(DIN)

TIMELK(12) Approximate time spent in locks
(unconstrained per round-trip -
Welland and St. Lawrence

TRIPTM(6,12) Time per round-trip by commodity
and vessel class

TSHIP(6) Number of ships in the actual
fleet by commodity

TSHIPS(12) Number of ships in the actual fleet
by vessel class

TTSHIP Total number of ships in the actual
fleet

TURNBK(3) Lock turnback time per lock
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CS DESUG

CO ARRAYS
PROGRAM ANALOk( INPUT.OUTU-UT.TAPE1 sTAPt?. TAPE3t

+TAPES. TAPEV.N ELP,*DE8UG-HELP)

C PRCJ(RAH ANALOk: OL/SLS LOCK CAPALXTY MIJOEL

C ARCTC INC.

1. 9104 RED BRANCH ROADJ
1; COLUMBIA. Mb) ;1045# USA

C WRITTEN:
C AUTHORI J1. kWAN6SE KIM
V: MODIFIED! ALLEN kEID 12/4/SO

C LANGUAGE: 0ftTRAN
1: PURPOSE1 )HIS PROGRAM PRFDIL1S INC PIINT WHNEN THE SCIUt

1; WELLANn AND SEAWiAY LOCKS REACH4 CAPALITY AND ANALIZES
11. 11NE FACTORS CAUSING CAPACITY.

C

COMMON /NEDCOM/ 13M0(14).IYR(SO)
LOMMON /FRJCOM/ 1P'CARG(3.15,15),PCARG(3v15,6)
COMMON /CARGCM/ CAGOCM(6,14),bUR(12,12,14)
COMMON /CALCOM/ AI,1'RN(6,12,2).LARGOP(6,2,&O),
+ CTRAN(6,12,4).CTRNPM(6,l2.2).EXTPT(6.2.SO),NRS(14.4.6)t
+ TMLOCK(12,2.4).YSA(14.1;!.4)
COMMON /MINARY/ IASEFT(6,12).CC(6.12),DFA(14,4),IJISTN(2.6).

+ EMPTY(6. 12) .FILL(6, 12),FLEETN(6,12).FLOADf6) .NN6YR(6),
4 PO(SO,12).REDFT(12),TOF(12.14),TRIPYR(6. 12).USMl(12.6),
4 lDIST(6),ZDNF(12).AIIDPCT(6.12) ,CAPINC( 12)
COMMON /PRELIM/ IIT(3),ISES(4),ALTM(3)
COMMON /DAT1/ STF(14,4).LAREXI(6.2,SO).LAREX2(6,2,SO),

+ DATM( 14).DIN( 14.4) iDIST(6)o
4 EXTP1(6,2,8O),EXTP2(6t,&O),
+ IZI4(12),LYEAR(SO),.LDAYS( 12),PCRF(14,2),SCOST(I2) ,STDEV(12,2,4),
+ TLTML2(12.,4).TLTML3(12.2,4)PTU*NSK(4),UNLOAD(12),XCAP(12).
4 XSHIP(12).ZB(12).GDAL(12) ,GLOAD(12)
COMMON /OUECOMI CAGOCL(6,12),DSTRN(12.3,14).DLTRN(12,3.14).

4 DM(14).DT(12.3,14) .ID~eRNI2,t3)PICTRNP(6,I2,2).IDLTRNI2,3).
4 IHRS(14). ILTR(3,12),IftNO(4,14).ISZJEV(4,2,14) .Isysrm(14),
+ ITLTR(3912) ,ITMCST(15,12,4) ,ITMCYC(4,2,14) ,ITOTC3.3),
4 ITOTC(2.6),ITTCST(12,3),OUE(4,2.14) ,TOIDB(3,14) .TOTDL(3,14),
4 TOTDT(3. 14).liTOM(4,.14),XIJSTRN( 12.2) .XDLTRN(12,2)
E:OMON/O/ARTAR(12.2),ARTLL(Z),ARTFPOE(2) .AVGtJAR(4,2).

+ CAPCTY(4.2).CUTF(4.2).k.1LUCN(4.2).LMAX(I2).LMINM 12).
+ MO4A(4,UA(22PUC()RAA4dtU4dPL~)
+ SASAR(12,2).SDEVC4,2).SHIP(12,6).SOOAR(4,12.2),TBAL(14,12),
4 T3ALT(12).TDCST(4912),TDFCX(S.4)t)IMES(14)tTLOAD(14,12).
+ TLOADT(12),TMCYCL(4,2),TMEAN(4t2)tTTI(14),
+ VARTM(492),TLOCKMC4.2) ,DAVAR(12,2)
COMMON /COMMOD/ IHEAT(SO.3).SOY(SO,3),DLYRYE(SO.3).CORN(SO.3),

* OILSD(SO,3),ALMSTNCSO,4) .AIRORE(80.3) ,RAWMAT(8O.3),
* COAL(S0.3).PETROL(O.() URYDLK(8O.3) ,GENCAR(SO.3),
4 STLPRD(SO.3) .GRAIN(SO.3),STONE(8O.3),ORE(SO.3),3ULItSO,3),
+ GNCARCSO.3) .CEMENTSO.,3),AMIN(SO.3)

c
DIMENSION REDL1'(3#295)
DIMENSION IROSUM(4)
DIMENSION CARF(3.15PG0)
INTEGER GONGO
LOGICAL YESTRN. 1DE9UG

DATA I9MO/9NJANUARY ,liWERRUARY o &MARCH #fNNI AP'RIL .SH2 APRIL
* SNMAY .SHJUNE .lNJULY ,SNAUGUST GHNSEPTEM
* SNOCTOBER 9HHNOVEM9ER,8HI DECEM V1H2 DECEM/
UATA D/1.9.1.5.5.1.O.1.1 3.3.3.1.

+ IS./
DATA TIMES / 1.10.1.20.1.20.1.05.1.00.1.00,1.00.1.00,

+ 1.00.1.00.1.000.000O1.00.1.05 /
DATA RHOMAX#RNOPOE / 0.99,0.98 /
DATA MONRAY/4.5.6.7.Sv,10lG11.12. 13.14,1 .2.3/
DJATA TTI/1.25. 1.V3.1 .93v1.00,1.00. 1.00,. .O.1.0OO..00.

* 4.00.1.00.1.00f1.05.1.05/
IIATA NEXPG.APTEST / J-.001/
DATA TLOCKM/53. .65. .53. .65.,145. .125. .145. .125./
DATA LMIN/0.0.,O,600,400.700,750.550,990,1100.1200/
IATA LMAX/O.O.O.599.699,699.749,849,9S991099,1199, 1299/
DATA PCARO.CAGOCM.SOR.ADDTRN.CAkGOPCTRAN.CTRNPM.EXTPT,
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+ HRS.TMLOCKPVSA.3ASEVTCCDFADISTNEMPTYPFILL,FLEETN.FLOAO,
+ NRSYRPO.REDFT, TDF, 1RIPYRPVSMWISTZBNF.ADDPCT.CAPINC.BTF,
+ CAREXIPCAREX2.DATMOINUIST.EXTPI,EXTP2,ODAYS,PCRF.SCOST,
+ STDEV.TLTMIL2.TLTML3,TURN3K,UNLOASXCAP.XSNIP.ZB.ODALOLOADt
+ CAGOCLDBTRN.DLTRNDTOUEPTO1DS.TOTDLTOTDT,dTQM,XDDTRN.
+ XDLTRN.ARTCL.ARTPOE,AIJOVAR.CAPCTYCUTF.OTLOCK.POEARPOECLP
+ RAMDA.RH0.RPMCLSA&ARSIEVSHIP,SOOART8ALTBALT.TDCST.TDFCX,
+ TLOAD.TLOAOTPTMCTCLIMM.ANUARTMUNEATSOY,3LYRYECORN.OILS~v
+ ALMSTN.AIRORE,RAWdMAT,COAL.PETROLeDRYBLK,GENCAR,STLPRD,GRAIN,
+ STO#4EOREDULK,6N4CARCEMENT.AMilNARTARDCSTPVARTND,
+ REDLY / 22962*0.0/
DATA IYR#lPCARtG.1IT,1tiES.ILTMIZ8NPLYEARID3TRNPICTRNP,IDLTRN,
+ INRS.ILTReIRNOIMODEvISYSTM.ITLTReITMCST.ZTMCYC.ITOTITOTC,
+ ITTCS?.I CAPvICAPX.IYRCAPJKMEASURNNOWTO /2300*0/

9 FORMAT(11)
5 FORMATCIX)

972 FOAtMAT(50X,&A2,2X.4A2)
510 FORMAT (11X-11)

5000 IDEDUO-.IRUE.

C
C

C 8858* SYSTEM LOOP $888*

5010 DO 100 ISYST-1.3
1~020 READ(XSYSTvS10)U(INO6O.IS

IF(GONOGO.EG.O) (.OTO 100
* ISU-l EQUAL WA1TINi 11"L BASIS
* ISMd-0 EQUAL LUCK UTILIZATION BASIS

IARTNO-2.
ISM.0
INUMSBO
.ICT-o
KU-2
XF(IS.EG.1) KU-3

C THE RUN SET MODULE
?5030 CALL REAIIIN (ISYST,IS.LUIWFACTOR,LALFAC,SYSFAC.

*SYsADV.SYSTIM,3TF4,B1FS,NIF13,hTF14,'rDFCX. IDEBUG.
+ CARF)

C *3*** LOCK CYCLE TIME LOOP 88883

DO 110 ILTML-1,3
IF( ILTM(ILTML).NE.1 ) GOTO 110

If( ILTML.EO.2 ) CALL TLUCMT(TLtML2,LU.IS)

IF( XLTML.EO.3 ) CALL TLOCMTCTLTML3.LU.IS)

C INTERPOLATE THE COMMODITY FOIRASTS AMD RETIREMENT
C PERCENTAGES FOR INTERMEDIATE YEARS

DO 8500 IR-10,14#2
YEAR-IR8I .0-8
DOI "530 MC- 1.6

DO 0540 MD- 1,2
IF (ISES(l) .EQ. 1) 60 TO 8521

3:AREX2(MCNDZR) -VAREX2(MC..ND.S)*( YEAR/7. 0)3
+ (CAREX2(MC,ND.15)-CAREX2(M.N).O))

030 TO 6540
"521 CARExI (mC.ND. IR).L:AREX1(NCND.B)*(YEAR/7.O)8

+ (CAREX I(MC,ND, 151-CAREX I(MC,MU.S))
N540 CONTINUE
N530 CONTINUE

04)(753ICLC- 4vLU
PO I, LC)-P(BLC)+(YEAR/7.0)8(POC1bLC)-PJ(8,LL))

H531 CONTINUE
NS00 CONTINUE

DO 8510 IR.16,1S.2
YEAR-IR3I .0-15.0

DO0 8570 MC- 1.6
DO 8580 N11- 1,2

IF (ISES(1) .EQ. 1) 0O TO 8522
CAREX2(MC,ND, IR),.CAkI.XI(MCND, 15)+(YEAR/5.0)

+ 8(CAREX2(MC.ND,20)-UAEX2(M(,ND,15))
GO00 &Sao~8

N522 CAREX1(M:.ND.IR).C;AREXI(MC.ND, 15)+CYEAR/5.0)
+*(AEIMi90)LAEIMD1)

"580 CONTINUE
H570 CONTINUE

DCI 0571 LC- 4#10
PO(IRLC)-PO(15.LC)+4YEAR/5.O)*(PO(20,LC)-POIISLC))

0571 CONTINUE
+1510 CONTINUE
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00 6550 1Y2.7
DO 65"0 IYEAR-2.892

If-IYSI04IYEAR
IFCIR.tiT.60) 0O TO 6590
IDEC-1Y*10
IDECI.( IY+1 *10
YEAR.IYEAR*1 .0

flu0 00 8600 MG. 1.6
00 6610 NO- 1.2

IF (ISES(1) .EQ. 1) 00 TO 6523
CAREX2(MCND.1R)-CAREX2(MCNDgIDEC)+(YEAR/10.0)

+ 8(CAREX2(MC,N4D.IDECl)-CAtREX2(MCND.IDEC))
GO TO 6610

1523 CAREXI(MC.ND.IR).CAREX1(MCNDIDEC)4(YEAR/10.0)*
+ (CAREX1(MC,NDvIDECI)-CAREXI(MCNDIDEC))

"110 CONTINUE
"1600 CONTINUE

D0 6601 LC- 4.LU
PO(IR.LC)-PO(IDECPLC)4(YEAR/10.@)8(PO( ID!C1 LC)

+-PO( IDEC.LC))
11601 CONTINUE
01590 CONTINUE
6550 CONTINUE

C ***** SEASON EXTENSIN LUOP8*8

5040 DO 120 ISM- 1.2
IF(ISES(ISN) .ME. 1) f60 TO 120

IF ( ISM .EQ. I ) GALL SESONS(ISNFALTORPCAREXI.
+ EXTPI.TPINUIN)

IF ( ISM *EQ. 2 ) GALL bLSONS(ISN,9FACTOR,CACEX2.
+ EXTP2,TDIN,14IN)

C *88** YEARLY C:YCLE LOOP888

DO 129 IRXNC-6.110.2
IF(IRINC.EO.16) IR-15
IF(IRINC.EQ.16) 6O TO 7510

7500 IR.IRINC
4: CONVERT YEAR SUBSCRIPTS INTO ALTUAL YEAR
7510 IYR(IR)-197O4IR

O1( 701 LC- 3.LU
REDFT(LC).1.0

781 CONTINUE

C 88868 APPROXIMATION CYCLE LOOP888

5050 00C 140 IAPROX.1.J
INDEXC-IAPROX-1

C:
C THE FLEET FORECAST MOULE

CALL FLEET (INDEXC,IR. ISNLU.ISSYSFAC.SYSADD)
00 ?700 LKO- 194

IROSUM(LKO)- 0
Y700 CONTINUE
C:
C 8*88* bTEP THROUGH MONTHS SIARTING WI1TH EARLY APRIL LOOP888

5060 DO 150 MNNR-1914
MMNMONRAY(CMNNR)

C THE TRANSIT FORECAST MIIULE
DFA(MN, ISN)-l4IN(MNISNI/TDIN

211 CONTINUE
CALL LIRAN (IRISN.LUMN.ISINDEXCP

+ YESTRNPTDFCX)
CALL TFRCT(LUMCMN,AOTEST,IR.ISN,

+ ITF4v9TF5,9rFI3.3TF14)
If( NGT.(YESTJ'R ) DATRN(3,2,ftN?.0
IF( .NUT.(YESTRM) )ISYSTM(MN)*0

."070 IF( IAPROX.NE.3 )CIUTU 150
ftNO(2,1 1-0.
JCT.Q
IFCIS.NE.1)OOTO 172

C THE SHIP DISPATCH MIaIIULE
it CONTINUE

C.ALL DISPCH(MNtLU.IS#ISWPJCT.RHOPOE.
+ DATM)

112 CONTINUE
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C THE LLK CYCLE TIME MODULE
G THE QUEUEING MODULE
i0bO LKST- I

IF (IS .EQ. I .AND. LU .0. 12)
+ LKST- 2

00 170 LKW LKSTKU
CALL CYCLTM(LKLU.IS,MN,RHOCAP,

+ RHOMAX.RHOPOE, TMCY.VARTNB)
CALL GUENOD(LKMNISPCALFACuLU)

170 CONTI14UE

C IF NECESSARY@ RETURN YO IHE DISPATCH MODULE
JCT JCT4
IF(Is.Mg.1)..O TO 201
IF(ISW.EO.1) GO TO 203

IF(JCT.E .2) GO TO 201
DO 202 MD.I,2

DO 171 LK- LKST,KU
IF (LU oGE. 11)

+ TLOCKM(LKND)-
+ TMCYCL(LKPND)

171 CONTINUE
IF (LU.LE.1O)TLOCKM(2,ND)

+ - TMCYCL(lND)
IF (LU.LE.1O) TLOCKM(3.ND)

+ TMCYCL(2#ND)
202 CONTINUE

GO TO 71
203 CONTINUE

IF(RPMCL(I) .GE.0.AND.MTOM(IpMN)
* *LT.WfOM(2 lMN) )GOTO 71

CC THE ECO*NOMlICS NODULE

C THE ECONOMICS MODULE COMPUTES THE MONTHLY DELAY COST BY LUCK AMP
1: VESSEL CLASS

201 CONTINUE
DO 420 LK-LKSTKU

DO 410 LC-4,LU
TDCST(LKPLC)-O.
DO 400 NDI,2

DCSTITMtLKND,N)SSCOS7(LC)*
+ SOOAR(LKLC@ND)/1O00.

TDCST(LK#LC)-TDCST(LK,LC)+DCST
4(0 CONTINUE
4090 1MCST(MNLCLK)-TDCST(LK,LC)8DM

+ (MN)*0.5
410 CONTINUE
420 CONTINUE

C THE CARGO TONNAGE MODEL
CALL CARTON(LU.LK.MNPISSYSFAC,SYSADDP

+ SYSTIMIROSUM)
150 CONTINUE
140 CONTINUE

C 88888 END STEP THROUGH MONTHS 88888
4 $8C 8 END APPROXIMATION LOOP 88888

1:
C CHECK TO SEE IF CAPACITY HAS BEEN REACHED
:

ICAP- 0

IF (IS CO. 1) UU TO 7010
IF(IROSUM(1) OGE. 630) ICAP- I

G0 TO 7000
/010 DO 7040 LK- 1,4

IF (LU .UE. 12 .AND. LK *EQ- 1) GO TO 7040
IF (LU ,LE. 10 .AND. LK *Ea. 4) GO TO 7040

IF (IROSUM(LK) .GE. 630) ICAP. LK
/040 CONTINUE

1000 CONTINUE
IF(ICAP .EQ. 0) 0 TO 7550

C IF CAPACITY WAS REACHED DETERMINE WHAT YEAR
IF (IRObUR(ILAP) .01. 659) 00 TO 7050

IYRCAP-1970+IR
GO TO 7550

/050 IYRCAP.1969+IR

C 8888* THE OUTPUT MODULE 88888

7550 CONTINUE

CALL OUTMOD(LLLUIS,INUMD.IRISN, ILTMLNEXPItCAPPCARF)
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tat if (ICAP EQ.030 TO 130
7060 ;MRITIEG(0.7061)
I06 FORMAT (3(/))

WRIIE (0,7070) IYRCAP
1:070 FORMAT (3SXt29N*8 CAPACITY WAS kiEACNED IN 914v

+ tX.434**S*)

C 19 A CAPACITY EXPANSION MEASURE TO BE IMPLEMENTED?
u

READ(ISYST.6000) ICAPX
6000 FORMAT(Il)

IF(ICAPX.EO) (40 TO 100
1. RE AD IN THE CAPACITY EXPANSION MEASURE

iKAD( ISVST96000MHEASUR
Fl(MEASUR.1O.1) 00 TO 6020

JF(MEASUR .10. 2 OLR. MEASUR .EQ. 3) 80 10 6040
IF(MEASUR.EG.4) 90 fO 6050

6020 IF(ICAPX.GT.1) 00 T0 6021

C CAPACITY EXPANSION MEASURE 11 REDUCE LOCKING TIME
C:

READ(ISYST.6060)( (RgEDLT(IS.DK)PND1P2),K-1.5)
6040 FORMAT(2F7.2)
6021 REAIJ(ISYST,6000) NNOWTO

IN0 6080 LC-4.LU
DO 6070 ND-192

DO 6090 J-1,4
TMLOCK(LC,NDJ)-TMLOCK(LCND.J)S(1.0-REDL1 (IN,NJ,

+ NHOI4TO))
TLTML2(LC,ND.J)-TLTML2ILLND,J)S(1 .0-REDLT( ISND,

+ NH0WTO))
TLTML3(LC,ND,J).1LTML3(LC.NDJ)S( 1.0-REDLT( IS.ND.

+ NNONTO))
6090 CONTINUE
6070 CONTINUE
6080 CONTINUE

DO 6081 ND-1,2
REDLT( IS.NDNNOU)-REDLT( ISNDNNOUTO)*100.0

6081 CONTINUE
WRITE(8, 7069)
WRITE(B.6100) REDLT( IS. 1,rNUUO) .REDLT(IS.2.NHOUUTO1

6100 FORMAT(23X454 CAPACITY INCREASED BY REDUCING LOCKING TIME
+ F4.1,I6HZ DOI4NSOUND ANDJ PF4.1.iOH X UPBOUND)
IF(NNO4JTO.EG.1) IRITE(8.6031)
IIF(NNOWTO.EO.2) WRXTE(8.6032)
IF(NHOWTO.EO.3) WRITE(B.6033)
I9F(NHOWTO.E0.4) IRITE(8.6034)
IF (NNOWTO .EQ. 5) WRIIE(&I.6035)

6031 FORMAT(32X,SBNS***3 TRAVELING KEVELS AND WINCHES WEREP1X,
+ 16HCONSTRUCTED *8*)

6032 FORMAT(38X.44HS88* SHIP SPEED, INTO LOCK WAS INCREASED*8)
6033 FORMAT(3@Xt44N**88 LUCK CHAMBERING TIME WAS DECREASED **
6034 FORMAT(36X.49M***8 TRAFFIC CONTROL SYSTEM WAS IMPLEMENTED 8)
6035 FORMAT (40XP41H8**2 NONSTRUCTURAL MAXIMUM UTILITY 8*2

00 TO 130
C
C CAPACITY EXPANSION MEASURE 33 INCREASE ALLOWABLE SHIP DRAFT
V;
6040 READ (ISYST,6066) DRAFT

READ (ISYST96000) LOCKS
6064 FORMAT (F6.2)

IF (DRAFT .LL. 25.75) G0 TO 6030
D0 6068 LCw 49LU

0O 6067 MC- L.6
CC(MCPLC)a CC(MC.LC)+((DRAFT-25.5)*12.0)8CAPINC(LC)

6047 CONTINUE
6068 CONTINUE

WRITE (8.7069)
WRITE (OP6069) DRAFT

6069 FONMATflIX,4GN*ss* CAPACIlY INCREASED DY INCREASING ALLOWABLE
+ 13NSHIP DRAFT TOF6.2.ION FEET *)
IF (LOCKS U9i. 1) GO TO 6030
(K0 TO 130

C
C CAPACITY EXPANSION MEASURE 23 CONSTRUCT LARGER LOCKS

C READ IN THE NEW MAXIMUM SNIP SIZE
6030 READ (ISYST.6043)

READ (ISYST,6041) NEWLU
6041 FORMAT (12)
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LUP- LU+1
C PEAD NEW SHIP UTILIZ:l IONF ATRS

IF(IS *HE. I READ (ISYST0:) (ZDHF(LC).L(-LUP,12)
IF (IS .E;. 1)) REA ( ST,4042) (Z9HF(LC),LC-LUPt12)

4042 FORMAT (2F5.2)
6042 FORMAT (5F5.2)

C READ NEW FLEET MIX DUILDING FACTORS
READ (ISYST.6043)

6043 FORMAT (/)
READ (ISYST.6044) ((ADDPCT(MCPLC).MC-I.6).LC.4.12)

6044 FORMAT (6F6.2)
G READ IN SNIP CARRYING CAPACITIES

READ (ISYST.6043)
IF (IS .ME. 1) READ (ISYST,6045) (4CC(MC.LW.)LCLUPp12).MCIo6)
IF (IS .EQ. 1) READ (ISYST,4045) ((CC(MCLC).LC-LUP.12).MC-I@6)

4045 FORMAT (2F7.0)
6045 FORMAT (5F7.0)

C READ IN LOCKING TIMES
READ (ISYST,6043)
READ (ISYST.6046) (((TMLOCK(LC.NDJ) .LC.4. 12) ND-1 .2),J-192)
READ (ISYST.6043)
READ (ISYST,6046) (((TLTML2(LC.NI,J)LC4.12),ND.1,2),JIp2)
READ (ISYST,6043)
READ (ISYST#6046) (((TLTML3(LCNDJ).LC-4,12),ND-l,2),J-l.2)

6046 FORMAT (9F6.1)

C LOCKING TIME SlANDARD DEVIATION
READ (ISYSI.6043)
READ (ISYST,6046) (((STDEV(LC.NDJ).LC-4.12).ND-1.2).J-1.2)
IF (IS HME. 1) 60 TO 6074
100 6075 LC- 4.NEWLU

DO 8076 MD- 1.2
DO 6077 J- 3.4

TMLOCK(LC.ND.J)- TMLOCK(LCNII'2)
TLT14L2(LC.NDvJ)- TLTML2(LC.ND,2)
TLTML3(LCoNDtJ)- TLTML3(LC.ND,2)
STDEV(LC.NDPJ). STDEV(LCPNPP2)

4077 CONTINUE
IF (NEULU .LE. 11) 60 TO 6076

TMLOCK(LC.ND.1)- 0.0

TLTML2(LL.NDP1)- 0.0
TLTML3(LC.NDI)- 0.0
STDEV(LC.NDP1)- 0.0

6076 CONTINUE
6075 CONTINUE
6074 DO 8073 NO.1,2

REDLT( ISND.NNOIJTO)-REDLT(IS.ND,MNO0WTO)/100.0
04073 CONTINUE

KX-2
IF (1S CEO. 1) KX-3
IF (IS CEO. I .AND. NEWLU .GE. 1) KX-4
DO 9074 LC- 4,NCULU

4)0 8075 NO- 1.2
00I 9076 K- 1PKX
rmi.OCK(LCNDtK)- TMLOCKILC,ND.K)*(1.0-REDLT( IS.NDMHOWTO))
TLTML2(LC,ND,K).TLTML2(LL,i.K)S(1.O-ftEDLTCISNDNHOWTO))
TLTML3(LCND,K)-ILIMLJ(LC,ND,K)S(1.0-REDLT(IS,ND,NHUWTO))

N076 CONTINUE
H075 CONTINUE

0074 CONTINUE
C READ IN LOADING AND UNLOADING RATES

READ (ISYST,6043)
READ (ISYST,6047) ((FILL(MC.LL) ,MC.1 6) ,LC.LUP.12)
READ (ISYST,6043)
READ (ISYST,8047) ((EMPTY(MCPLC),MC-i.6).LL*LUP.12)

6047 FORMAT (6F7.1)
C READ IN VESSEL SPEED

READ (ISYST.6043)
IF (IS .EQ. 1) READ (ISYSTP6048) ((VSA(MN,LC,1).MN-1.14),LC*

* LUP912)
IF (IS .ME. 1) READ (ISYST,6040) ((VSA(MNPLC.2).MN.1.14)*LC-

* LUP912)
6046 FORMAT (14F5.2)
C READ IN RETIREMENT PERCENTAGES

k*S:AO (ISYST,6043)
410 6049 J- 1.9

JI. J- I
IF (JI .EQ. 0) IRR- 8
IF (Ji .EQ. 1) IRR- 15
IF (JI OUE. 2) XRR- JI* 10
IF (IS NME. 1) READ (ISYST,6052) (PO(IRR,LC),LCLUPt12)
IF (IS .EQ. 1) READ (ISVST.40S2) (PO(IRR.LC).LC-LUPP12)

4049 CONTINUE

6052 FORMAT (5F5.2)

4052 FORMAT (2F5.2)
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DO 6053 LC- LUPNEWLU
DO 6054 J-10#14-2

YEAM Js 1.0- 0.0
PQ(JLC)" PO(8.LC),(YEAR/7.0).(PO(15,LC)-PU(8,LC))

6054 CONTINUE
DO 6055 J- 16.16.2

YEAR- J*1.0-15.0
PO(JPLC)- PO(lStLC)+(YEAR/5.0)(PO(20.LC)-PO(15,LC))

6055 CONTINUE
DO 6056 J-27

DO 6056 JJ- 2eW.2
YEAR- JJ*1.0
JYR- J*10JJ
J10. J*10
J20- J10+10
PO(JYR.LL)- P(I(JIOLC)4tYEAR/10.0S(PO(J20.LC)-

+ PO(JIOLC))

6057 CONTINUE
6056 CONTINUE
6053 CONTINUE

C READ IN CAPACITY INCREASE WITH OWNPH
READ (ISYST.604S)
IF (IS .NE. 1) READ (ISYST.6056) (CAPINC(LC),LCOLUP,12)
IF (IS .EO. 1) READ (ZbYST94058) (CAPINC(LC),LC.LUP#12)

4050 FORMAT (2F7.2)
6055 FORMAT (5F7.2)

WRITE (8,7069)
WRITE (8,6082)

6002 FORMAT (31X,46H**88 CAPACITY WAS INCREA"U bY BUILDING LARGER*
+ IXIOMLOCKS *88*)
IF (NEWLU .EO. 11) WRITE (86083)
IF (NEWLU ,EO. 12).WBITE (8,6040tL.

6003 FORMAT (45X,29MAXIUM SHIP BI±E IS 110OX105)
6084 FORMAT (45X.29MAXIMUM SHIP SIZE IS 1200X130)

C

C SET THE NEW BASE FLEET EGUAL TO THE FLEET FOR THE CAPACITY YEAR
C

DO 6062 NC- 1.6
DO 6063 LC- 4-LU

BASEFT(MC-LC) SHIP(LC(C)
6063 CONTINUE

DO 6064 LC*LUPNEWLU
BASEFT(MC.LC)- 0.0

6064 CONTINUE
6062 CONTINUE

C
C

C MAE PROGRAMMING CHANGES CORRESPONDING TU THE NEW LOCKS

DO 1519 LC-LUP,NEWLU
(LOAD(LC)- 0.0

OIAL(LC)- 0.0
ZO(LC)- ZB'HF(LC)
IZBH(LC)- 100*ZS(LC)+0.5

1519 CONTINUE
C DIFFERENT LOCKS AT THE SO0

IF (IS .EO. 1 .AND. NEWLU .bE. 11) KU- 4
1: CHANGE NON-CONSTRAINING LOCK FACTORS

IF (IS .EO. 1) 60 TO 6071
IF (IS .EO. 2) U0 TO 6072

L:.FAC- 4.0
SYSTAC- 4.0
SYSTIM- 15.0

O0 TO 6071
6072 CALFAC- 3.0

SYNFAC- 3.0

SYSADD- 0.0
SYSrIN- 2.0

6071 CONTINUE
LU- NELO
00 TO 130

6050 00 TO 100
130 IF(IR.EO.15) UO TU 7500
129 CONTINUE
120 CONTINUE

110 CONTINUE
S100 CONTINUE

C
C *88*8 END YEARLY LOOP 88*8

C *8*8* END SEASON EXTENSION LOOP *8*6*
1; 88* END LOCKINO lIME LUOP *889* 1
( Il*l END SYSTEM LOOP S
C

STOP
END

C
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SUBROUTINE FLEET (INDEXC.IR. ISN.LU.ISSYSFACSYSA.D)

IMPLICIT INTEGER (1)

C
C SUBPROGRAM FLEET CALCULATES THE ZERO-DACKNAUI. FLEET
C REQUIRED TO TRANSPORT THEPOTENTIAI. CARGO TONNAGE

COMMON /MINARY/ BASEFTCA,12),CC(6,12),DFA(14,4),DISTN(2,6),
+ &MPTY(6.12).FILL(8.12).FLEETN(6.12).FLOAD(6).HRSyR(6),
+ PO(80,12).REDFT(12),TDF( 12,14),TRIPYR(6,12),VSM(12,6),
+ tWDIST(6).ZDHF(12),ADDPCT(6#12),CAPINC(12)
COMMON /CALCUM/ AIDTRN(6,12,2),CARGOP(6p,80),

+ CTRAN(6,12.4) .CTRNPM(6.12.2).EXTPT(6.2,SO),HAS(14,4.8).
+ TMLOCK( 12p2.4) .VSA( 14,12#4)
C:UMMON/QUECOM/CAGOCL(6. 12) .DTRN( 12.3.14) .DLTRN( 12.3.14).

+ DN(14),DT(12,3,14).11Db1RN(12,3) ,ICTRN4P(6,12.2),IULIkN( 12.3).
+ IHRS(14).ILTR(3.12).IRHO(4.14) .ISDEV(4,2,14),ISYSTM(14),
+ ITLTR(3,12),ITMCST(15.12.4).ITMCYC(4,2,14),j111(3.3).
+ ITOTC(2,6),ITTCSTCX2,3),OUE(4,2,14),TOTDD(3.14).rWTDL(3.14),
+ TOTDT(3,14).IiTOM(4,2,14),XDTRN(22),X,LTia (12.2)
EL(iNMON/O/ARTAR( 12,2) .ARTCL(2) ,ARTPOE(2) .AVGVAR(4,2).

+ LAPCTY(4.2) ,CUTF(4,2).LDILUCK(4.2),LMAX(I2),LMXN(I2,
+ MONRAY(14),POER(122)-OECL(2)RAMDA(4.2)RHO(42)fg-CL(2).
+ bA3AR(12,2),SDEV(4.2).SHIP(1296).SOOAR(4,12.2),rBAL(14,12,

+ T3ALT(12).TDCST(4,12),TDFCX(5,4).TXMES(14). ILUAD(14.12).
+ TLOADT(12) .TMCYCL(4.2),TMEAN(4.2).TTI(14).
+ VAATM(4.2),TLOCKM(4.2)oDAVAR(l2.2)

DIMENSION AIDSP(6.12),ALLSHP(6,12).ANCAP(6),LARfjON(6)t

+ DELSHP(6,12),FLEETR(6,12).SHPCAP(6.12),IIMELK(12).TRIPTM(6,12)
DIMENSION COMSMA(6)

C:
ASTEST-.*001

OF-1.0
DO 5 MC-1p6

HRS YR CMC ) .
ANCAP(MC)0O.
DO 3 LC-4,LU

VSM(LC.NC)-0.
ALLSHP(MCPLC).O.
AbDSHP(MCLC)-0.
DEL SNP(MCvLC)-.

3 CONTINUE
5, CONTINUE

C
C PROHIBIT CERTAIN VESSELS FROM wimrER OPERATION

Do 10 NN.1.14
IF(MN.LE.3.AND. ISN.GE.2)VSA(MN,4. ISN)-O.
IF( MM.LE.3 *AND. ISN.GE.2 )VSA(hN,5,ISN)-Q.
F( IS.NE. I.AND.MN.LE.4.AND. ISN.OG .2)VSA(MN.4. ISN)-O.

IP( IS.NE.1 .AND.MN.LE.4.AND.ISN.GE.2 )VSA(MN.5.ISN)-0.
IF(IS.NE. I.AND.MN.EO.14.AND. ISN.jE.2)VSA(MN.4.ISN)-O.
IF( IS.NE. 1.AND.MN.EO. 14.AND.ISN.OE.2 )VSA(MN.S.ISN)-..

C CALCULATE THE OPERATING HOURS PER YLAR
IleJ a MC-.6

HRSYR(MC).HRSYR(MC)+HRS(MN.ISN.MC)
NCONTINUE

10 CONTINUE
DO 30 LC.4.LU

C CALCULATE THE MEAN VESSEL SPEED
110 20 MN-1,14

DO) 15 MC.1.6
IF (VSACMN.LC.ISN) .LE.00.O) VSACMN.LC.ISN)0O.
VSMfkC.MC)-VSACMN.LC.ISN)*MRS(MNISNMC)/NRSYR(MCI

+ +V'SM(LC.MC)
15 CONTINUE
20 CONTINUE

c
C CALCULATE THE TIME SPENT IN THE LOCXS

IF(IS.EO.1.AND.LC.GE.9)J-3
IF( IS.EO. I.AND.LC.LE. 7)J1I
IF(IS.EO.1)TIMELK(LC)li(TLOCK(LC1.J)+TMLOC((LC,2vJ))/60.
IF(IS.EQ.2)TIMELK(LC).(TMI.OCX(LC.1,1)+TMLOCK(LC,21 1)4SYSFAC

* *(TMLOCK(LL.1,2)4TMLOCK(LC.2.2)))/60.,SYSADD
tF(IS.EO..3)TIMELPK(LC).(TMLOCK(LC. 1. 1)+TMLOCK(LC.2. I)+SYSFAC

+ S(TMLOCK(LC.1.2)4IMLOCK(LC.2,2)))/60
SO CONTINUE
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DO 50 MC-106
iV( INDEXC.EU.O)CAROOP(MCe 1,IR?-1000.8

+ CARGOP(MC.l.IR)
IF( INDEXC.EQ.OICAROOP(MC.2IRl1)1000.8

+ CARGOP(MCt2.IR?
TCARG-CAROOP(MC 1. IR),CAROOP(MC,2.1R)
IF (ABS(1'CARO).LL.ABTEST) MDIST(MC?-0
IF (ADS(TCARO).LE.ABTEST) 00 TO 40

WOIIST(MC)(CAROOP(MC,1.IR)SDISTN( l,MC)+CAROOP(MC,2,

+ IR)SOISTN(2pMC) 1/TLARO
40 CONTINUE

C PHASE OUT OLD SHIPS
DO 90 LC-4,LU

FLEETR(MCLC)gSAbEFT(MLLl*(1.0OPO(IRPLL))

C CALCULATE THE TIME PER ROUND TRIP
rRIPTMI(MCLC).DF*(2.0*UD19T(MC)/VSM(LC,MC)+CC(MC.LC)*

+ FLOAD(MC)/EMPTY(MCLC?+FLOAD(MC)*CC(MCLC)/
+ FILLCMCPLC))+TIMELK(LC)

IF (ADS(hiIST(MC)).LE.ASTEST)TRIPYR(MC.LC)0O
IF (ADS(WDIST(MC)).LE.ASTEST.OR.ABS(TRIPTM(MC.LC))

+ .LE.ASTEST)GO TO 00
C
C CALCULATE THE NUMBER OF ROUND TRIPS PER YEAR PER VESSEL

TRIPYR(MCeLC)NHRSYR(NC)/TRIPTMMCPLC)
N0 CONTINUE

c
C CALCULATE THE REMAINING FLEET TRANSPORT CAPACITY
c

SHPCAP(MC.LC).FLEETR(MCPLC)*TRIPYR(MC.LC)SCCCMC,LCS
+ FLOAD(MC)

AN#CAP(MC)-ANCAP(MC)+SHPCAP(MC,LC)
90 CONTINUE

CAkUON(MC)-CARGOP(MC,I1 ,R)+CARGOP(MC, R)-
+ ANCAP(MC)

IF(ADS(CAROON(MC)).LE.AUTEST) 00 TO 599
IF(CAROON(MC).LT.0.0) 00 TO 299

C BUILD SNIPS TO MEET INC CAftGO DEMAND
C
C DETERMINE THE COMPOSITE SHIP TO Bk AVOLD

LV0MSNA(MC)- 0.0
DO 7600 LC- 4,LU

CONSHA(MC)- COMSHA(MC)+ AUDPC.T(MC.LC)* TRIPYR(MC.LC)s
+ CC(MCLC)*FLOAD(MC)

/600 CONTINUE
C DETERMINE THE NUMBER OF SHIPS TO BL AVDEiV

041 7810 LC- 4.LU
ADIISHP(MC,LC). (CARGOO(MC)/COMSHA(MG) S AVVPCT(MC.LC)

C CALCULATE THE NEW FLEET MIX
c

FLEETN(MC,LC)- FLEETR(MLLC)+ ADDSHP(MCL)
/610 CONTINUE

GO 10 499
c
C DELETE SHIPS IF NECESSARY

299 DO 190 IC- 4,LU

LC- IC
IF (ABS(rRIPYR(MC.LC)) .LE. AUTEST) DELSN4P(MC.LC)- 0.0
IF (ABS(TRIPYR(MC.LC)) .LE. AOTEST) U0 Tti 190

DELSHP(MC.LC)- -CARbON(MC) /(CC(CCLC)SFLOAD(MC)S
+ TRIPYR(MC.LC))

IF (IS MNE. 1 -AND. MC GOE. 5) 00 TO 399
IF (DELSHP(MC.LC) .LE. FLEETR(MCLC)) GO TO 399

DELSHP(MC.LC). FLEETR(MCLC)

CARGO(N(MC)- CAU100N(MC)4 DELSHP(MC,LC)S
+ FLCAI(C)CC(MC,LC)STRIP'VR(MCLC)

190 CONTINUE
399 CONTINUE

C
C CALCULATE THE NEW FLEET

DO 200 LC- 4,LU
FLELTN(MC.LC). (FLEETR(MCLC)-9CLSHP(MCLC))

200 CONTINUE
499 CONTINUE
599 CONTINUE
50 CONTINUE

DO 76 LC-39LU
TLOADT(LC)-0.
TRALT(LC)0O.
DO 27 MC.1,6

DO 26 HD-1.2
ICTRNP( MC.LC ,ND 1-0

76 CONTINUE
21 CON TINMUE

"S CONTINUE

RETURN
CND
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SUBROUTIN4E LTRAN(IRs ISNLUM1.BINDEXCPYESTRNTDFCX)
c

IMPLICIT INTEGER (1)
c
C
C SUBPROGRAM LYRAN CALCULATES THE TOTAL NUMBER OF ANNUAL
C LOADED TRANSITS AND DISTRIBUTES THE TRANSITS OVER THAL OPERATING YEAR

COMMON /NINARY/ 5ASEFT(6.12).CC(6u12),DFA(14,4).DIUTNC2,6)t
+ EMPTY(6,12).FILL(6e12)PFLEETN(612)eU.LOAU(6).HRSYR(6),
+ PO(I0.12)PREDFT(12),TDF(12,14)#TRIPYR(6v12),VSN(l26)p
+ WDIST(6)PZBHF(12),ADDPCT(6,12),CAPINC(12)
COMMON /CALCOM/ AIDTRN(6tl2p2).CARGOP(6.2p8O)t

+ CTRAN(6,12p4) ,CTRNPM(6,12e2),EXTPT(6,2p80) .NRSCI4.4,6),
+ TMLOCK(12p2p4)#VSA(I4,12,4)

DIMENSION CDBCC6.12).ENUF.AC(6,12)PTDFT(6,12),TDFcCI2,14),
+ CARGT(12@2)

C
LOGICAL YESTAN
DIMENSION TDFCX(5p41

c
ABTEST-. 001
DO I LC.49LU

00 15 NDI.,2
CAkGT(LC.ND-0

I5 CONTINUE
DO 3 MC106

DO 9 ND.1,2
ADUTRN(MCLCtND).0
CTRNPM(MCLC.ND.0O

9 CONTINUE
IF( 91N.EQ.4 ) TDFT(MCLC).O

i CONTINUE
I CONTINUE

DO 648 NDI.#2
DO 647 MC-1.6

EXTPT(MC#ND, IR)-G
647 CONTINUE
648 CONTINUE

C
C PROHIBIT CERTAIN VESSELS FROM WINTER OPERATION

IF(MN.LE.3.AND.ISN.UE.2) VSA(MN.471SN)-0
IF(MN.LE.3.AND.ISN.GE.2) VHA(MNtSISN).0
IF(IS.NE.1.ANO.MN.LE.4.AND.ISN.GE.2) VSA(MN4lSN)0O.
IF(IS.HE.I .AND.MN.LE.4.AND. ISNf.GE.2) VSA(MN#5tI5N)-0.
JFUIS.NE.1.AD.MN.EQ. 14.AND.ISN.GE.2) VSA(MN94,ISN).O.
IF(IS.NE..AND.MN.EO.14.AND.ISN.GE.2) VSA(N~eSISN)0O.

C
C BYPASS DISTRIBUTION IN THE NEW FLEET FOR
C EXTENDED SEASON GRAIN AND GENERAL CARGO

no 30 MC-IP6
IF(MC.EO.4.AND.ISN.GT.I.AND.MN.LE.3060 TO 70
IF(MC.EG.6.AND.ISN.GT.I.AND.MN.LE.3)30 TO 70
DO 20 LC-4pLU

TCARG.(CARGOP(MCLIIP)4CAROOP(MCv2pIRI)

C CALCULATE THE TRANSIT IJISTRIBUTION FACTORS
C ACCORDING TO FLEET ABILITIES

1UFC(LC.MN).HRS(MN, ISMPNC)*VSA(MN.LC, ISN)/(HRSYR(NC)*
+ VSM(LCPMC))

IF (ISN .EQ. I *AND. INDEXC .EQ. 0)
+ TDFI-JIDFC(LCPMN)*DFA(MN.ISN)

IF(ISN.GT. 1.AND.INDEXC.EG.O)TDFI-TDFC(LCM)SDFAMNPISN)

C IN4CORPORATE CARGO SNIPPING DEMAND
IF (ISN .ED. I .AND. 1HDEXC .GT. 0)

+ TDFC(LC.MN)-TDFC(LCMN)*DFACMNISN)6
+ ENDFAC(MC.LC)

IF(ISN.OT. 1.AND. INDEXC.OT.O)TDFC(LCM)-
4. TDFC(LCMN)*LFA(MNISN)*ENDFAC(MC,LC)

IF(ABS(TCARG).LE.ABTEST) CDBC(MC.LC)0.00
IF (ABS(TCARG).LE.AUTEST) GO TO 7

C CALCULATE THE CARGO DISTRIBUTION BY CLASS
CDIC(MCLC).FLEETN(MC.LC )*FLOAD(MC )SCCCMC.LC)*TRIPYR(

+ MCpLC)/TCARG
/ CONTINUE

Do 10 NDIP2

C CALCULATE THE ANNUAL LOADED TRANSITS
CTRAN(MC,LCND)-(CARGOP(MCPNU' IR) )SCDBCCCLC).#

+ (FLOAD(MC)*CC(MC.LC))
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C CALCULATE THE -MONTHLY- LOADED TRANSIT$
CTRNPM(CLC.ND)-CIRANA(fCLC.ND)STDFC(LC.NN)
CAROT(LC.ND)-CAGOT(LC.NO)*CTRAN(MC.LC.NDI

t0 CONTINUE
IF(INDEXC.EO.O) TI*T(MCoLC).1DFT(MCPLC)+TDFI
IF(NN.EO.3.AND. INDEXC.EG.O)ENDFAC(NC.LC)1 .O/TDFT(NC.LC)
NM-14
IF( (NC.EO.4.ORt.W.EQ.6)AND.4NEO.M.AND.IDEXC.EO.

+ 0 )fNDFAC(C.LC)../TDFT(NCLC)
20 CONTINUE
70 CONTINUE

YESTRN-. FALSE.

C CALCULATE THE TOTAL TRANSITS PER OPERATING PERIOD-
Do 55 LC.4*LU

00 35 NO.1.2
CTRNPM( NC LC.ND I CTRNM( MC iLL ND I ADDTRN(NC .LC ,ND)
IF( CTRMP4(PCLCvND).ST.O.0 ) YESTRN-.TRUE.

33 CONTINUE
55 CONTIN4UE
30 CONTINUE

RETURN
END

C

C

SUBROUTINE TFRCT(LUoMCNADTEST.IR.IDN.BTF4.DTF5i
+ BTF13.DTF14)

IMPLICIT INTEGER tI)

c

C THE TRANSIT FORECAST MODULE DETERMNES THE NUMBER 0OF DAILY LOADED
C AND BALLASTED TRANMSITS, AND INCLUDES PLEASURE CRAFT AND ICE LOCKAGES

COMMON /CALCOM/ ADTRM(6#12.2)pCARGOP(6v2pSO)p
+ CTRAN(6,12,4).CTRNPN(6,12,2).EXTPT(6.2,SO),HRS(l4.4,6.
* THLOCK(12r2#4)vVSA(l4#12r4)
VONWON /INIARY/ 3ASEFT(6.12).CC(6,12).OVA(14,4),DISTN(2,6).
+ EMPTY(6,12).FILL(6.12).FLEETN(6.12).FLOAD(6),NRSYR(6),
+ P0(80,12) .REDFT(12) .TDF(12. 14) ,TRIPYR(6,12) .VSM(12.6).
+ WDIST(6),ZSHF(12),ADDPCT(6.12).LAPINC(12)
COMMON /PRELIM/ IIT(3)#ISES(4)PILTM(3)
COMMON /DAT1/ DTF(1494).CAREX1(6.2.DO),CAREX2(6,2,8O),
+ DATM(14)rDIN(14t4.U15STc6)t
+ EXTPl(6.2oS0)tEXTP2(6v,SOI.
+ IZSH( 12).LYEAR(SO) .ODAYS(12) .PCRF( 14,?) .SCOST(12) .STDEV( 1292.4),
+ TLTML2(12,2,4)tTLTNL3(12,2,4).TURNDM(4I.UNLOAD(12)PXCAP(12).
+ XSNIP(12),ZD(12).OIAL(12)PGLOAD(12)
COMMON/OUECOM/CaGOCL(6, 12) .DDTRN(12.3u14)PDLTRHCI2.3.14I.
+ 019(14) .07(12.3.14) .IDDTRN(l2,3) ICTRNP(8. 12.2). IDLTRN( 12.3),
+ IHRS(14).ILTR(3.12).IRHO(4.14).ISDEU(4.2914) .ISYSTM(14).
+ ITLTR(3.12).ITMCST(15912.4)PITMCYC(4,2.14).ITOT(393),
+ ITOTC(2.6) ,IITCST( 12.3) .OUE(4.2.14I .10703(3.14) .TOTDL(3914).
+ 70707(3,14) .WTOM(4.2. 14).XDDTRN( 12.2) ,XDLTRN( 12.2)
COMMON/O/ARTAR(12,2) .AfTCL(2) .ARTPOE(2),AJGAR(4,2),
+ CAPCTY(4.2).CUTF(4.21.LITLOCK(4.2),LMAX(12).LMIN(12I,
+ MONRAY(14)vPOEAA(12,IPECL(2),RAMOA(4.2) ,RHO(4.2),RPMCL(2).
* SABAR(l2.2).SDEV(4.2),#I4IP(12.6).SGQAR(4.12.2),TDAL(14,12),
+ TDA4LT(12).TDCST(4,12),rDFCX(5,4) .TIMES(14),TLOAD(14.12).
+ TLOADT(12)PTMCYCL(4.2 .TMEAN(4.2) .TTI( 14).
+ UARTM(4,2),TLOCKM(4,2),DAVAR(l2,2)

TOTAL-0
DO 59 LC-4tLU

IF( MN.EO.4 ) TLOADT(LC)0O
IF( MN.EO.4 )TUALT(LC)-O
DO 47 NO.1.2

TCTR-0.
TLOAD(MN#LC)0O
TSAL(MMPLC)-O
DO 40 MC-1.6

TCYR-TCTR+C'TRNP"(MC .LC iND)
46 CONTINUE

DLTRtM(LCPND.,MN)-TCTR/DM(MN)
47 CONTINUE

ZDHF(LC)-ZO(LC)
c
C BALLAST TRANSIT CALCULATIONS

EMPTY2.DLTRN(LC. I .N)-ULIRH(LC.2N)
IF( A9S(IILTRN(LC.1.MNI).LE.A9TEST .OR. ASS(DLTRN(LC.2t

* MN)).LE.AITEST ) Z3HF(LC)-0
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Itt MPTY2.UE..0 )GOTO 731
DTRN(LC~l ,NN).-EMPTY2+(DLTftt4LC,2M)

+ +EMPTY2)S(1.0-ZDHF(LC))
D3TRN(LC,2.MN)-(DLTRN(LC2"MlEPT'12)

+ *(1.O-ZDHF(LC))
GOTO 732

731 CONTINUE
USTRtN(LC,2,M).EMPTY2,(DLTRN(LC.1.MN)-

* EMPTT2)*(1.0-ZDHF(LC))
DDTRN(LCu1.MN3.(DLTRN(LC.1 .MN)-EMPTY2)

+. S(1.O-ZDNF(LC))
732 CONTINUE

IF( IR.NE.1.OR.ISN.NE.I ) GOTO 733

C INCORPORATE TRAFFIC SIAS
IF( MN:EO:4 )OTRN(LC,2,d4N)::TRN(LC:2:MN)81.+DTF4)

TF( N.E.13)DTRN(LC 2 MN) DSRN(LC 2 MN)8(1.ODTFI)
IF( MN.EO.13 )DSTRN(LC,2,MN)-DDTRN(LC,2.MN)S(1.O-3TF143

SOTO 734
733 CONTINUE

IF(MN.GE.4.AND.MN.LT.13)I4TRN(LC.2.MN)-
* DDTRN(LC.2,MN)*(1.O+BTF(MN.ISN))

Ipt (MN.LT.4.OR.MN.GT.12) )DBTRN(LC,2,MN4)-
* DBTRN(LC.2,MN)S(1.0-DTF(MN,ISN))

/34 CONTINUE
59 CONTINUE

C
C INCLUDE PLEASURE CRAFT AND ICE LOCKAGES

00 50 NO.1.2
031NN43.ND.MN)PCRF(MNNl)
OLTRN( 3.ND.*MN 3-0
PO0 49 LC-3uLU

TOTAL-TOTAL+DLTRN(LC,NIN)+DBTRN(LC,NDMN)
49 CONTINUE
50 CONTINUE

DO 55 LC-4#LU
TLOAD(MNLC)-TLOAD(MNLC)4UL1RN(LC,1 .NN)+DLTRN(LC.2.MN)
TDAL(MNLC)-TBAL(MN.LC)+JBTRN(LC.1 .MN)4DBTRN(LC.2.MN)
TLOADT (LC )-TLOADT(CLC)3+TLDAD CMN. LC 3 DM (MN
TDALTCLC)-TUALT(LC)4TUDAL(MN,LC)*DMM)
IF(MN.NE.3)0O TO 737

OLOAD(LC)3-TLOADT (LC)
ODAL(LC)-TBALT(LC)
IFCASSGLOAD(LC)) .Li.AB1ES1)REtD1 I.C)-1 .0
IF(ABS(GLOAD(LC)).LE.A#TEST)GO TO 92

G
C CALCULATE THE FLEET REDUCTION FACTOR AND THE ACTUAL FLEET

REDPTCLC)-GBAL(LC)/(GDALCLL)4ULOAD(LC) 340.5
V2 CONTIN4UE

DO 50 MC.1.6
SHIP(LC,MC)-FLEETN(MC,LC)SREDFT(LC)

.So CONTINUE
737 CONTINUE
55 CONTINUE

RETURN
END

C

SUBROUTINE DISPCH(MN.LUtIS.ISWM.XT.NNOPOEDATM)

IMPLICIT X~fEGfR (1)

c

C THE SHIP DISPATCH MODULE DISPATCHES bHIPS 70 THE 4 600 LOCKS

COMMON/OUECOM/CAGOCL(6. 123 .DTRN( 12,3,14) .DLTRN( 12. 3. 43,
+ DM(14) ,DT(12,3,14),1DBTRN(l2,3),ICTRNP(6,l2,2),IDLTRN(I2,3),
+ IHASt 14). ILTR(3.12) .IRHO(4. 14),ISDE'J(4.2,14 , ISYSTM(14),
+ ITLTR(3,12),ITMCST(l5,12,4),IIPECYC(4,2,14).ITOTCJ,3),
+ ITOTC(2,6);ITTCST(123),dUE(4,2,14) ,TOTDS(3,14).TGTDL(3. 14).
+ TOTOT(3,14),ITOM(4.2t14)tXDDTRN(12.2),XDLTRN( 32.23
COMMON/O/ARTAR(12,2),A4RTCLC2),ARTPOE(2),AUGVAR(4,2),
+CAPCTY(4,2),CUTF(4.2)LDTLCICK(4,23 .LMAX(I2)PLMIN(12).

* MONRAY(14),POEAR(1292),POECL(2).RAL.A(4.23 ,RHO(4,2)PRPMCL(23,
+ SADAR(12,2).SDEV4,23,SHIP(12,6),SOOARC4,12,23 ,TDAL(14.12),
+. TDALT(12) ,TDCST(4.12) ,'DFCX(5,4).TIMES(14) .TLOAD( 14.123,

f TLOADT(12),TMCYCLC4,2),v'MfANc492)PTTI(14).
+ VARTM(4,2) .TLO)CKM(4.2) .DAVAR( 12.2)
DIMENSION CL(4.2) .ROE(4.2) ,ARDIF(3.2) .RPLCL( 392) ,DATM( 143.
+ TRNDL(4, 32.2) ,TRNLD(4, 12,2) ,TRANSB(4, 12,2) ,TRANSL(4,12.2)

IF (LU GOE. 11) 00 TO 8201I C DISTRIBUTE SHIPS BETWIEEN THE POE AND MACARTHUR LUCKS
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D0 120 NO.8,2
ARTCL(ND)-DLTRN(7pNDNN)+DLTRN(6,NDtNN)4DLTRN(5,NDNN)
VO(CL(N0)-LTRN(,NfDN+LN9MPMN)TR(9N.N)4UTRN( 1O.NDNN)

+ *bLTRN(l11,fN)+DBTRN(9.ND,N)omTtN(1ND,qH)+
+ DD1TRNl1#NDN)

IF( TLOCICM(2,ND).LG.O ) ILOCKN(29*0)-O.0000001
IF( TLOCKM(3.NO).EO.0 ) TLOCKMC3,ND)-O.O000001
ARPOEcND,.(ARTCL(ND*TLLIQ#12,ND)-POECL IND)*TLOCXM(3,NO))/

+ (TLOCKM(3tND)+TLOCNI(2vND))
IF(ARTPOE(ND) .LE.0. )ARTPOE(ND.0..
RphCL(ND)-0.
IF(ARTCL(ND) .GT.O. )RPICL(ND).ARTPOE(ND)/ARTCL(ND)
IF(ISW.EO.1.'AND.JCT.NE.O) RPMCL(1)*RPNCL(l)-0.l
IF(IS.EO.1.AND.RNO(291).G.R40PE) RPNCL(NDI)-*.
IFCRPMCL(ND).LE.0.) NPNCL(NO)-O.

c
C COMPUTE THE SABIN AND0 DAVIS LOCK ARRIVALS
C COMPUTE hACARTHUR LOCK ARIVALS
C COMPUTE POE LOCK ARRIVALS
C

0O 140 LC-3-LU
SA9AR(LCND)-UBTRN(LCvNDPMN)
1F(LC.EG 4 )SASAR(4,ND)DDVTR(4NDPN)IjL7NN(4,NONN)
IF(LC.OT .8)SAIAR(LCND)-0

C
ARTAR(LCND)-DLTRN(LCND,MN)*(1.-RPMCL(ND))
IF(LC.EO.3)ARTARt(LC.ND.DTRN(3,,NDN)
IF(LC.EO.4)ARTAR(LCtND)-.0
IF(LC.OT.7)ARTAR(LCND)=0.

C
POEAR(LCPND)-DLTRN(LCND,N)+DTRN(LCNDPN)
IF( LC.EO.8 ) POEAft(LU.ND) - DLTRN(LCeNDtMNf)
IF( LC.EG.4 )POEAR(LCADI)-O.
IF(RPHCL(ND).LE.0. )RPNCL(ND).0.
IF(LC.LT .8.AND.LC.GT.4)POEAR(LCND).DLTRtN(LCNJV4)S

+ RPMCL(ND)
140 CONTINUE
120 CONTINUE

IF(LU.LE.I0) GO TO 8226
c
C ALLOCATE SNIPS THROUGN THE EXPANDED S00 LOCKS
c
9201 CONTINUE

ILOCK- 1
IF (LU .GE. 12) ILOCK. 2
DO 8202 ND- 1.2

DO 9204 1- 1.4
DO 8216 LC- 4,LU

TRNLD(I.LCsND). 0.0
1RNDL(IoLCPND)- 0.0

$4216 CONTINUE
8204 CONTINUE

DO $214 LC- 4#LU
IF (LC .EQ. 4) TRNLO(IPLC.ND)a DLTRH(LCNMj.NN)
IF (LC *LE. 6) TRNOL(IPLCND0- OSTRN(LCvNDvMM)
IF (LC .GE. 5 .AND. LC.LE.7)TRNLD(2.LCN0.1*LTRN(LC.ND.MN)
IF (LU *GE. 12 *AMD. LL .EO. U)TVRNPL(3,LCPND)-TRNbL(1,LC.ND)
IF (LU .GE. 12 .AND. LC *EQ. 4?TRNLD(2.LC.ND).TRNLD(19LC.ND)
IF (LU *GE. 12 *AND. LC .LE. 7)TRNBL(2,LC.ND)-TRNDL(ILC.ND)
IF (LU .GE. 12) TRNBL(IPLU.ND). 0.0
IF ( LU .G.12) TRNLD(1,LC.ND)- 0.0
IF (LC .GE. B.AND. LC .LE.10)TRNLD(3,LCPND)- DLTRN(LCNDpMN)
IF (LC GOE. 9 *AND. LC *LE.10)TRNOL(3pLC,ND)-DDTRN(LCPNDoMN)
IF (LC *GT. 10) TRNBL(4#LL.ND)- DBTRN(LC,NDIIN)
IF (LC .GT. 10) TRNLD(4vLC.N0- OLTRN(LCPNDvNN)

$4214 CONTINUE
8219 DO 9217 IKS. ILOCK94

CL(LKS#ND). 0.0
9217 CONTINUE

DO 621S LKS. ILOCK,4
DO 8221 LC- 4PLU

CL(LKS.ND). CL(LKSND)*TRNL3(LXSLCND)4TRNBL(LKSLCND)
0221 CONTINUE
9210 CONTINUE

C CALCULATE LOCK UTILIZATIONS
L'O 6205 INDULK. II.OCX,4

ROE(INDVLK.ND) I CL(INDJLKND)STLOCKN(IN8VLKND)/(DATM(NN)
+ 060.0)

U205 CONTINUE
NAGE. 0
D0 6206 INOULK- ILOCK#3

IND* INDVLKeI
DIFROEs A9S(ROE(INIJVLKvND)-ROf(INDrND))
IF (DIFROE OGT. 0.005) HkOE. 1
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04206 CONTINUE
IF (NROE COE. 0) GO TO 6207

C IF THE LOCK UTILIZATIONS AkE NOT CUUAL CALCULATE THE WIGHXOTED
C ARRIVAL DIFFEREN4CES

DO 9208 LKDIF- ILOCK.3
IN: LI(DIF*1
ARDIF(LKDIFND)- (CL(LKDIFND)*TLOCKM(LKDIFND)-CL(INDND)

+ STLOCKM(INDND))/(TLOCISM(LKDIFND)+rLOCKM(INDND))
IF (ARDIF(LKDIFNI)) .LE. 0.0) AADIF(LKDIFND). 0.0

C CALCULATE THE REPLACEMENT FRACTION
RPLCL(LKDIF.N4D)- ARDIF(LKDIF,ND)/CL(LKOIFPND)

44206 CONTINUE
C CHECK TO SEE IF MAXIMUM REPLACEMEN4T HAS OCCURED

MAXRP- 0
DO 920 LKDIF ILOC :;3I RPLCL(LKDIF.ND) GOE. 0.005) MAXRP- I

44209 CONTINUE
IF (MAXRP *ED. 0) GO TO 6207

C RE-ALLOCATE SHIPS TO EGUALlZE LUCK UTILIZATION
DO 6222 LC- 4,LU

DO 6223 LKS. ILOCK,2
TRANSL(LKS.LCND)- TRMLD(LKSvLCrM9)SRPLCL(LKS.ND)
TRANSO(LKSLCND)- TR0&L.(LKSLCvHD)*RPLCL(LKSrND)
TRNLD ,LKS.LC.ND)- TRNLD(LKSLCHD)-TRANSL(LKSLCND)
TRNBL(LKSPLCND)- TRN9L(LK6.LCND)-TRANSD(LKSPLC.ND)

64223 CONTINUE
DO 6224 LXS- ILOCKP3

LKSIZ LKS4I
TRNLD(LKS1 ,LCND).TRNLD(LKS1 ,LC,ND)4TRANSL(LKSPLC.ND)
TRNIL(LKS1 ,LC,ND).TRNDL(LKSILCeND)+TRANSD(LKS.LCPND)

8224 CONTINUE
9222 CONTINUE

GO 10 6219

C COMPUTE THE LOCK ARRIVALS
C
C
C SABIN LOCK (IF MAXIMUM SHIP CLASS EOUALS 11)
L MACARTHUR LOCK
C POE LOCK
C NEW DAVIS LOCK

9207 CONTINUE
TRHI9L(l.6.ND). TRN9L(1,6,ND)*TRN9L(2.I.ND)
rRNDL(2#8,ND)- 0.0
DO 6225 LC- 4,LU

SA44AR(LC.ND)- TRNBL(IPLCND)4TRNLDC1.LC.ND)
ARTAR(LCoND)- TRN9L(29LC,ND)4TRNLD(2,LCPND)
IUEAR(LC.ND)- TRNBL(3,LCPND)4TRNLD(39LCPND)
IAVAR(LCoND)- TRNIL(4vLCND)+TRN.D(4aLCpND)

44225 CONTINUE
ARIAR(3tND)- D44TRN(3.NDMN)

04202 CONTINUE
8226 CONTINUE

C

RETURN
END

C

C

C

C THE LOCK CYCLE TIME MODULE CALCULATES THE MEAN LUCK CYCLE TrimE
C AND ITS VARIANCE

COMMON /CALCOM/ AbDTRM(6,12,2),CARGOP(692sS0),

+ CTRAN(h. 12,4) .CTRNPM(6, 12.2) ,EXTPT(6,2,80) .HRS( 14,4,6).
* TMLOCK(12,2,4),VSA(14,12v4)
U:OMMON /UATI/(PTF( 14,4) .CAREXI (6.2.80) ,CAREX2(6,2.80,p
+DATM( 4),DINt 4o ), IS919(6)p
+ XTPI(6,29S0),EXTP2(6.2#S0).

+ IZ3H(12) .LYEAR(60),ODAVS( 12),PCRF(l4.2),SCOST(12).44TOEV(12.2,4),
* TLTML2(12.2,4) ,TLTHL3( 12,2,4),TURNBK(4) .UNLOAD(12),XCAP(12).
+ XSHIP(12).ZD(12),GDAL(12),OLOAD(12)
C.OMMON/OUECOM/CAOOCL(C6, 12) ,D6TRN( 12. 3. 4) ,DLTRN( 12. 3.14)9
DM(14),DT(12,3,14).IDBTRN(12,3).IC7RNP(6,l2,2),IDLTRN4(l2,3),

+ IMftS(14). ILTR(3.12) ,IRHO(4,14),ISOEV(4,2, 14),ISYSTM(14).
+ IILTR(3,12),ITMCST(15, 12,4),ITICYC(4,2,14),ITOT(3,3),
+ ITOTC(2,6);ITTCSTC 12,:u ,OuEc4,2.14).TOTDS(3,14).1OTDL(3,14),
+ TOTDT 3,14) W4TM(4#2,14),XDBTRtf(l2,2),XDLTRN(l2,2)
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tLUMMON/O1AfiTAt( 12*2k #ATCL (2) .AATPOE(2),.AVOVAA(442) v
* APCTY (4,2).CUTF(4.2),UTLOJCK(4.2) .LNAX(12).LNIN(12).

+ fONAAY(14),P0EAktl12p2).POECL(2) .MIQA(4.2,.RNO0(4u2),RPWCL(2).
4 SADAR(12,2),SDEV(4o2),SNIP(12.6),SOOAA(4.12.2),1BAL(14.12)p
+ TDALT(12)PTDCST(4.12), gDr.54)TEscs4).TLoAD(14,12).
* 1LOADT(12).TMCYCL(4,2),TNEAN(4,2),TTZ(14,

DO 210 Nr'.1e2
OTLOCK' LKvND)O0
DO &10 LC63eLU

IF( ISiNE.1)GO To 174.W
IF (L U .L. 11.A LK S.1) 00 TO 174

IF (LU :AUE. 12 AND. LK MNE. 2) 00 TO 174
IF (LU .GE. 11) 00 TO 1174

SOOAR( I.LCNO)-ARTAR(LCND)

SODUAR:2:LC:ND;:POEAR(CLCPND)
SODAR(3 LC NO) SABAR(LC.ND)

60 TO 174
1174 IF (LU .EQ. 11) SOOAR(IPLC.ND)- SABAR(LCPND)

IF (LU .GE. 12) SOOAR(ILC.ND)- 0.0
SOOAR(2,LL,t4'). AkTAk(LC.Nbk
SOOAFC(3.LC.ND). POEAft(LC.ND)
SOOAR(4;LCiND). DAVAR(LC,ND)

1+14 CONT NUE
IF( IS.EQ.1 .OR. LI'.E12.2 )GO TO 175

SOOAR( 1,LCuNhJ)IJLTRN(LCND.MN)4IJb7RN(LCNOMN)
SOOAR (2, LCPNVl) 5O0AR (1. LC ,ND )

175 LONTINUE
DTLOCK(LKND).UTLOCK(LKPNDD4SOOAM(LK.LCNDb)

190 CONTINUE

C CALCULATE THE VESSEL ARIXVAL RATE
kAMZA(LKN)DTLOCKCLKND)/(DATM(MN)*80.)

ThEAN(LK,ND)-Q

IF(DTLULK(LK,ND).LE.0.)00 TO 735

XF( IS.EO. 1.ANJ.LK.LE2)J-2
IF (IS .LQ. I .AND. LU GOE. 11) J- LK

C CALCULATE THE tiNE WlAY MkAN LOCKING TIME AND ITS VARIANCE
DO 220 LC-3PLU

TMLOCK(3,NDJ)-TMLOC(A(4,D, JI
STI.EV( 3.ND.J).STDEV(4.ND#J)I TMLK-SOOAR(LkLCND)*TIMES(MN)STMLOCK(LCNDJ)/

+ DTLOCk(LK,NL')
TMEAN(LK.ND) -TMEA#4(LK ,ND )+TMLK

VAR-SOOAR (LK .LC .ND) SSTIIE V(Li ND.*J )*2/DTLOCK (
+ LK.tLII

TVAR-TVAR4VAR
220 CONTINUE

T URN-0.
DO 212 LL-3,LJ

VAN ( TMLOCk( LCeND J )-IIEAN (LK , N) ) *2*SOAR (LK,
* LC.ND)/D1'LOCK(L9.ND)

TURMHTURN4VRN
212 CONTINUE

AVG VAR( LK 'ND) .TW(N4TVAt
735 CONTINUE
210 CONTINUE

C CALCULATE THE HEAVY BALANCED LOCK iZYCLL TINE

HPLCT.TMEAN(LKvI p+gNtANCLK@2)
100 240 N01.2;

RHOCAP-RHOMAX
IFUIS.EO.1.AMD.LK.EQ.2) AHOCAP-RHOPOE
IF(ND.EO.1I)NI-2
IF(NRD.E.2)N1-l

IF(DTLOCK(LKPND).LE.0.)00 TO 230
TMCY-TMEAN (LKND)+TURNBV(Lk)-ITMEAN(LKNI)

+ *TURNDK(LK))8(RA(DA(LK.NI)STURtNBI(LK)-RAMDA(LKP
4 NI)STMEAN(LK.NI))

TNCYCL(LNNDI-IMCY/(1.-(AAIDA(L(,NI *TURN5K((LK)-
+ RAMDA(LK.NI)*TMEAN(LK,ND))*(RAMDA(U(,ND)STURNDOK(
+ LK)-ftANDA(Lh.ND)*lMLAN(LKNMi)))

IF(TIICYCL(LKPNii).UT.HBLCT) TMCYCL(LKtND)-HLCT
CAPCTY(LKND)-6U.SkHOLAP*AT(M4)/H3LCT

C CALCULATE LOCK UTILIZATION
RNO(LK.ND)-AAMDA(LK,NO)STMCYCL(LKND)
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C IF NECESSARY, MORJNG DAVIS LUCh INTO OPERATION
IF (IS .EQ. I .AND. Lu .UL. 11) GO T0 231
IF(LI.EG.3.AND.RN0(LK.ND).9T .0.7)RAMDA(LN.ND)-

*RAftbA(LKND)/2.
IF(LN.kO.3.AND.RHO(LK.MD) .0?.O.7)RNO(LK.ND).

+ RHO(LIK.NI)/2.
231 CONTINUE

CUTF(LK9ND)-l.0

C IF CAPACITY IS REACHED. CU( UFF (RANSITS
IF(RNO(Lh.ND).Lr.NHOCAP)GO TO 230

CUTF(L.K.ND)-RN0CAP/RHO(LK .Mb1)
RAMDA(LK .413)HNO4CAP/YMCYCL(LK ,ND)
RHO(LIP.ND).RAMLA(LK.ND)STMCYCL(LK.ND)

230 CONTINUE
240 CONTINUE

IF(UTLOCK(Lgl~.).LE.0.0R.DTLOLK(LK.2).LE.).W TO 234

C CALCULATE THE VARIANCE IN THE LOCh CYCLE 1IME
VAFRTM(LK,1 ).AVGVAR(Lk. 1)4(1-RHO(LK.2) )8*2.0

+ 8VARTNB4RHO(LIk..)*S2SAVGVAR(LK.2)
SDE3J(LK I )-VAkTM(Lh~. )*0.S
VARTM(LK2)-AVGVAR(LN.2)4(1-RHO(LK.1 ) )*2.0

+ 8YARTNB4AHO(Lk. 1)S*2*AVGVAR(LK.1)
SDEY(LKP2)-VARTM(LK.2)*SO.5

134 CONTINUE
L.

RETURN
END

C

SUBROUTINE (UEMOD(LKPMNPISPCALFAC.LU)

IMPLICIT INTEGER (I)

C
C THE QUEUEING MODULE CALCULATE$ TH4E QUEUE LENGTH ANIJ THE WAITING TIME
c

CONMON/OUECOh/CAGOCL(8.12),.DBTRN(12.3,14).DLTRN( 12.3,14).
4 DM(14).IJT(12.3.14).IDBTRN(2,3).ICTRNP(6,12,2),IDLTRN(1293).
+ INRS(14) ,ILTR(3.12)t1RH0C4,14).ISDEV(4.2,14),ISYSTM(14),
+ ITLTR(3, 12),ITMCST( 15.12.4) ,IIMCYC(4.2. 14). ITOT(3.3).
+ ITOTC(2.6),ITTCST(l2,J),~dUE(4.2,14).TOTDBi(3,14)PTOTDL(3,14).
* TOTDT(3,14).&ITOM(4,2,14),XDI.TRN(12.2).XDLTRN(l2,2)
COMMON/OARTAR(12,2),AF(TCL(fl.AkTPOE(2),AVGVAR(4.2),

+ CAPCTY(4,.ev.CUTF(4.2) .LTLULIK(4.2).LMAX( 12),LMIN(12).
+ MONRAY(14).POEArt(12.2).POECL(2),RAMSA(4,2),RHO(4.2),RPMCL(2),
+ SABAR(12.2),SDEY(4.2).bhIP(12.6).SGOAR(4,12.2).TBAL 14.12).
+ I&ALT(12).TIICST(4,12). (DFCX(5t4).TIMES(14),TLOAD414.12),
+ TLOA['T(12).TMCYCL(4.2).V'MkAN(4.2).TTI(14),
+ VARTM(4,2),TLOCIKN(4.2).DAVAR(12,2)

DO 242 Nti-1.2
IF(DTLUICK(LK.1).LE.O.OR.DTLOCK(LK,2).LE.O)UO TO 235

WTC.-(RAf1DA(LK.NO)**2*VARTM(LK.ND) )+RNQ(Lfr,.D)SS2

bTOMLK.ND.MN)-WTU/(RAMC'A(LK,ND)*2.g(1.O-RHO(LK.ND)))

QUE(LK.ND.MN)-WTUM(LK.NII.MN)*RAMDA(LK,ND)
WTON (LK.N .)-TOM(L .NDMN)/'60.
GOTO 942

235 CONTINUE
TMCYCL (LK'PND)0.0OOOOOO1
WTOM(LK.ND.MN)-O.
OUE(Ll~,NDMN)-0.

2HO(LK.ND)-O.
CUT (LK.D)-0.
CAPCTY(LK,ND)-0.
VAR TM(LK.ND)0O.
SDEV(LN.NAU)-0.

942 CONTINUE
c
C MULTIPLY THE WAITING TIME BY THL NUMBER OF NON-CONSTRAININb LOCKS

IF( IS.NE. I.AND.LK.EQ.2)WlOM(LK.ND.MN4-WTGM(LK.ND,MN)
+ SCALFAC

IF( IS.NE. I.AND.LK.EQ.2)QUE(LKND.MN)-GUE(LKND.MN)*
+ CALFAC

ITMCYC(LK.ND.MN)-TMCYCL(LK.N04+0.5
ISDEV(LKPNDPMN)-SDEV(LN.ND 40.5
IF(IS.NE.l.ANU.LK.EO.2,OO TO0243

c
C IF MAXIMUM LOCk UTILIZATION IS REACHED# CUT OFF THE TRANSITS

DO 250 LC-3.LU
SOOAR(LK.LC.ND)-SOOAR(LK.LC.ND)*CUTF(LKND)

V LOMTINUE

d43 CONTINUE
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242 CONTINUE
C

RETV.:N
END

C

SUBROUTINE CART(tLULKPN.TheYSFAC.SYSADD.SYSTIN,1ROSUN)
C

IMIPLICIT INTEGER (1)
v
C
C THE CARGO TONNAGjE MODULE CALCULATES THE PROJECTED
C AND THE ACTUAL CARGO TUNNAGES PROCESSED BY THE L4JCKb
C

COMMON /PRJCON/ IPCARG(3,15#15).PCAAG(3e 15.6)

COMMON /CARCI/ CAGOCfl(6914)#SOft(12.12,14)
COMMON /CALCOI/ AVD)RN(6.lkp2)*CARGOP(6t2,SO)o
+ CTRAN(6,12.4) ,CTRNPrn6. 12,2).EXIPT(6,2,6O) ,HRS( 14,4,6),
+ TNLOCtK412,2.4)pVSA(14,12p4)
COMNON /NINARY/ BASEFT(6.12)PCC(6,12)PDFA( 14.4).UIS1N4(2.6),

+ EIIPTY(6. 12) .FILL(6, 12) ,FLEETN(6,12) .FLOAU(6) .NR6Yk(6)p
+ PO(SO,12),REDFT(12e),1D(1214)PTRIPYR(6,12),VS(126),
+ WDIST(6).ZDNF(12).ADPCT(8t12).CAPINC(12)
COMMON /OUECO#I/ CAGOCL(6,12) ,DDTRN(12,3,14),DLTRN(l2,4,14),

+ DM(14) .OT(12,3.14),1L&'TRN(l2,3) ,ICTFRNP(6,12,2),ZDLTRN(l2,3),
+ IHRS(14).ILTR(3,12),IRHO(4,14),ISDEV(4,2,14),ISYSTM(14),
+ ITLTR(3,12) .XTNCST(15,12,4).IGNCYC(4,2,14).*ITOT(3,3),
+ 17OTC(2,8).,ITTCST( 12.3) ,OUE(4.2.14) .TOTDD(3. 14) ,TUTDL(3.14)t
* TOTDT(3, 14) ,WTOM(4.2,14) ,X1,BTRN(l2,2) ,XDLTRN( 12,2)
LONNOM/O/ARTAR( 12.2) ,ARTCL(2) .AkTPOE(2) ,AVGVAR(4,2),

+ CAPCTY(4,2),CUTF(4,2),DTLOCK(4t2),LMAX( 12),LMIN(12)t
+ MONRAY(14) .POEAA(12,2).POECL(2),RAMWA(4,2),RHO(4,2) .RPMCL(2),
+ SABA.( 12.2) ,SDEV(4,2),SNIP(12,6),SOOAR(4,12,2).TBAL(l4,12),
* TDALT(12),TDCST(4,12),TDFCX(54),TINES(14),TLOA(1412),
+ TLOADT(12),INCYCL(4,2),THEAN(4,2).TaI(14),
+ VARTM(4.2),TLOC.N(4,2),JjAVAR(12,2)

C
DIMENSION IROSUIM(4)

TCAGO.0.
DO 450 C-1.6

CAGOCH(NCoNN)-o
DO 2349 ND-1,2

PCARG(CND NvMNC ) .
2349 CONTINUE

DO 2312 LC.4tLU
CAGOCL(DICPLC)-O
DO 2313 NO.1,2

Lt(.1
IF(IS.NE.1) 00 TO 294
IF(LU.LE.1O.AND.LC.GE.S) LK-2
IIF(LU.GE.1l.ANO.LC.LE.7) LK-2
IF(LU.GE.11.AHD.LC.GE.&) LK-3
IF(LU.GE.11.AND.LC.UE.11) LK-4

2964 ACARGO.CTRNPM(MCLCNID)SCC(NCLC)*CUTF(LK,NO)
CAGOCL (NCLC )-CAGOCL (NC.*LC ) ACARGU*FLOAD (NC)

2313 CONTINUE
CAUOCLNCLC)-CAGOCL(NC.LC)/1000.
CAGOCM(gIC,MN)-CAGCD(ML,MN),CAGOCL (NC LC)
PCARG( 1 ,NC)-PCARG( 1 .NN.C)+CTRNPN(NCLCt2)

+ SCC(MC,LG)SFLOAD(MC)/1000.0
PCARG(2,NC)-PCARG(2,MN.NC)4CTRNM(MCLCPI)

+ SCC(MC.LC)*FLOAD(MC)/1000.O

2312 CONTINUE
PCARO(3,N.C).PCARG(1 .NN.MC)4PCARO(2.NNNC)

450 CONTINUE
DO 2314 LC.4vLU

SOR( 1.LCtNN)-SOOAR( 1.LC,2)
SNft(2.LC,MN).SOOAR( 1.LC. 1)
9OR(4vLCpNN)-SOOAR(2pLCoW)
SOR(5tLCvMN)oSOOAR(2,LC,1)
SORt7,LC,NN)-SOjAR(3,LC,2)
SORt(6, LC.*MN ) .OOAR( 3,LC, 1)
SORC(10,LC.NN)- SDOAR(4tLC.2)
SOR(11,LC,NN)- SDOARf4.LC.1)
DO 2237 NC-1#6

ICTRNP(NCLC,1).ICTRMP(NCLC.1 )41F1X(CTRNPM(
+ MCLC,2)40.5)

1CTRNP(MCLC,2).ILTRNP(NCLC,2I.171X(CTR4PM4(
4 MC,LC,1)+0.5)

;e237 CONTIN4UE
2314 CONTINUE

IF (IS *ED. I *AND. LU *GE. 12) GO TO 2241
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INNO(1MN) = RO(I)SIO0.
IF( RHO14002)1.GERO 1) ) RHO( 1.9W)-R0( I 2)S100*0.5

2241 1R10(2,MN)*RNO(2,1)*10040.5
IF( RNO(2#2) .GE.RHU(2, 1) ) IRHO(2pMN)-RNO(2,2)810040.5
IF(IS.ME.1)GO TO 964

IRHO(3qMN)-R"O(3 I )*10040.S
IF( RHO(3,2).U&.NHO(3.1) ) IRHO(3tMN)-RHO (3,2) *100+0.5
IF (LU .LE. 10) 00 TOU 99
IRHO(4.MN)- RHO(4*1)3100+O.5
IF (IRNO(492) .Uf. IRHO(4p1)) IRHO(4,M) RHO(4p2)9100+O.5
GO TO 991

964 CONTINUE
SrSTUP-TMCYCLI ... /120.UYSFAC8TNCVCL(2.2)/120.+SYSADD

+ *WTOM(l,2vMN)+Wl*UM(2,2pMN)
SYSTDN-TMCYCL(1,1)/120.+SYSFAC8TMCYCL(2u1)/120.+SYSADD

+ 4ITOM(Iv1.MN)+U(OM(2v,MN)
ISYSTM(MN)-(SYSIUP46YSTDN4SYSTIM8TTI(MN) )40.5
SYSOUE-(GUE(I,1,MN)nJUE(l,2,MN)+QUE(2,1 ,DI)4QUE(2.2,

+ M#4))/2.Q
991 CONTINUE

IF (IS .ME. 1) GO TO 2242
DO0 2243 LKI1 1,4

IF (LU .GE. 12 .4Mb. LKI .EQ. 1) 6O TO 2243
IF (LU .LE. 10 .AND. LK1 C~O. 4) GO TO 2243

IF ("M UtE 6 .AND. MN *LE. 12) IRISUM(LK1U- IROSUM(Lk1)4
+ IRHO(LKI,MN)

2243 CONTINUE
GO TO 2244

2242 IF (MN .6E. 6 .AND. MN .LE. 12) IROSUM(1)- IRUSUM(1)+IRHO(1,M§N)
2244 CONTINUE

RETURN
END

C
c 8888*8888*8*8*8*88**8*88
L;

SUBROUTINE UUEUE( IKNT1 ,LU)

IMPLICIT INTEGER (1)
L;
C
C SUBPROGRAM QUEUE PRINTS THE LORRECY HEADINGS
C FOR THE QUEUEING 1ABLES

1 FORMAT (/,43X,24H8**8 MACARTHUR LUCK *)
2 F~ORMAT (/,48X,1e3H*.* I-Uk LOCK ***)
3 FORMAT (/940X,41H8888 SABIN AND DAVIS LUCKS *)

IF (LU *GE. 11) (Jo TO 101
IF( IKNTI.NE.1 ) (JUTO 100

IdRITE(8. 1)
GO 10 300

100 CONTINUE
IF( XKNTI.ME.2 ) 60 TO 200

IiRITE(89.2)
GO TO 300

200 CONTINUE
WRI IE(9,3)

G0 TO 300
101 IF (IKNTI MNE. 1) GO TO 103

WkITE (9.204)
GO TO 300

103 IF (IKNT1 .ME. 2) GO TO 104
UNI)k (8.1)

GO TO 300
104 IF (IKNT1 .ME. 3) b0 TO 105

WkITE (9,2)
GO TO 300

105 IF (IKMT41 .ME. 4) 60 TO 300
WIHITE (8,106)

Z04 FORMAT (/.45X,20H8888 SABIN LOCK8*)
106 FORMAT (/943X,24N8*88 NhW DAVIS LUCK 8)
300 LONTINUE

END

C

IMPLICIT INTEGER 1)
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C SUBPROGRAM SESONS AMSI4SNS INE CORRECT CARGO tONNAGE POIENTIAL
-C 10 THE CARGO VW4NAbaE WORKING VARIABLE DEPENDING ON THE SEASON
L EXTENSION

COMN/CALCOM/ AUDlR(6t12,2),CARGOP(6p2.8@W,

+CTRAN(6,12,4).CTRNP"(6, 12.2) .EXrPT(69,O).e4RS(14.4,6).
+TOLOCK( 12,2,4) .VSA( 14.12.4)
LIJIMON /PRELIM/ IIT(3). ISE5(4) , LlfM(3)

DIMENSION CARCX(6.2,8O).EXTP(6.2,00),UlN(14.4)

DO 1 IRINC-UPOOP2
IF(IRINC.EG.16) IR-15.
ZiAIRINC.EQ. 16) GO TO 9020

V8321 IR.IRINC
V0320 DO 2 ND- 1,2

DO 3 MC- 1.6
CAROOP(MC#NDs1k)- CAREX(NC.ND.IR)

V INCREASE THE CARGO TONNAGE PROJECTIONS BY THE CARGO TONNAGE MULTIPLIER
CARGOP(MC.NDoIR). CAROP(MCPNU-IR)8 FACTOR

3 CONTINUE
2 CONTI"U

IF(IR.EO.15) GO TO 9621
1CONTINUE

C
C GET THE bESIRED CARGO POTENTIAL AbSIGNED TO THE~ WORKING VARIABLE
C FOR THE CARGO POTENTIAL
L

TDIN-O
DO 997 MN.1.14

TDIN=TDIN+DINC MN. ISN)
Y97 CONTINUE

C
RETURN
END

C

SUBROUTINE IL&CMT(7LTMLPLUtZS)
C

IMPLICIT INrEGER (1)
L
C
C SUBPROGRAM TLOCMT ASSIGNS THE CORRECT LOCKING TINE RANGE TO
C THE LOCKING TIME WORKING VARIAB3LE
L

COMMON /CALLUM/ AbDIlRN(6, 12.2)tCARGOP(6,2,80)v
+ CTRAN(6.124),CTRNF(6,122),EXTPT(62.8O),NRS(14,4,6).
+ TNLOC(2,24).USA(I4,I2t4)

DIMENSION TLTML(12.W.2)

00 1 LC-4.LU
DO 2 NO.1.2

IF (IS .EQ. 1) IMLOCK(LLND.3)- TLTML(LU.N4D.3)
IF (IS *NE. 1) TMLOCK(LC.NIJ,1)- lLfML(LC.PND.I)
IF( IS.NE.3 )(MLOCK(LC.RD.2)-TLTML(LLNJ.2)

2 CONTINUE
1 CONTINUE

C
RETURN
END

C

SUBROUTINE READIN (ISYST.ISLU.KUFACTOR,UALI AC.SYhEAC,
+ SYSADDSYSTIMBTF4,MTF5.BTF13,BTF14u (DFCXILEBUUjLARF)

C
IMPLICIT INTEGER (I)

C
C
C SUBPROGRAM READIN READS THE APPROPRIATE IDAIA FILE
C

COMMON /CALCOM/ AOJIRN(6,12,2),CARGOP(6,2,6O),
+ CTRAN(6, 12.4) ,CTRNPM(6. 12.2) .LXTPT(6,2.60) ,NRS( 14.4.6).
+ TMLOCK(12,2.4) .VSA(14,1294)
COMMON /MINARY/ BASEFT(hr, 2) ,CC(6. 12) DFA( 14,4) ,1ISTN(2,6),

+ EMPTY(6912),FILL(6.12),FLEETN(6.12),FLOAD(6 .NKSYK86),
4 PO(80.12).REDFT(12h (ILot(12,4)TRIPYR(6.12),VSMI12,6).
+ WDIST(6),ZBNF(12),AW)PUT(6, 12),CAPIN4C(12)
COMMON /PRELIM/ IIT(3)#ISES(4)tILTM(3)
COMMON /DATI/ BTF(14.4),LAREXI(6@,S),CAREX2(6,2.6O),

4 JATM(14) .OIN(14.4) .0151(6).
* EXTPI(6t2,8O).EXTP2(6t2.MO).
+ ZI'N( 12) .LYEAR(IO).ODAYS( 22),PCtF( 14,2).5C0S7(12) .STDEV(12,2,4),

* TLTML2(12,2,4),TLTML3(12.2.4),TURNBK(4).UNLOAO(12),XCAP(12),
+ XSHIP( 12).ZB(12),GBAL(12).OLOAD(12)
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COMMON /COMNOD/ (iNEAT(80.3) .iOY(8Oe3) ,BLTRYE(B0,3) .COAN(60.3),
* ILSD(90.3).ALMSTN(8Oj),AIRORE(80,3),RAWMI(8O,4),

+ COALSO0,3 .PIETROL(&O.J),UK3LKd80,3) ,UENCARSO.#3h
+ S7LPRD'(80,3) .ORAIN(8O.3) .hTOL(80.3) ,ORE(80,3 .BULK(8O.,3),
*GNCAR(80.3).CEMENI(IUO.J),AMINHSO.3)

DIMENSION TDFCX(5.4)
DIMENSION CARF(3.15,80)

LOGICAL IDEDUG

5 FORMAT (IX)
603 FOkhhf(/)

C
C 3888 MAX1hS" VESSEL CLASS IN

kEADQ SYSTr506) LU
506 FORMAT (12)

IF (IDEBUG ) WRITE (9,506) LU
V 8888 SEASON EXTENSION IN 8888

READ(ISYST.5O7) (ISES(1)tI.1.4)
IF( IDE&UG )WRITE(9,507) (ISES(X),1.1,4)

507 FORMAT (I1.3(lX.Il))
4; 8888 LOCKING TIMES IN 8888

READ(ISYST,796) (ILTM(I)tI*1.3)
IF( IDEDUG )WRITE(9,?96) (ILTM(IhI1.13)

996 FORMAT (11,2(lX,11))
C 88888 Z&HF, FACTORS IN 83888

READ(ISYST.14) (ZIHf(LC).LC-4pLU)
IF( IOEBUG )WRXIE(9,14b (ZbHF(LL),LC-4,LU)
READ( ISYST, 1517) FACTOR,CALPAC,SYSFAC.SYSADO.SYSTIM
IF( IDEBUG )Wr<XTE(9.1!)l/) FACTUR,CALFAC,SYSFAC.SYSADD.SYSTIM

14 FORMAT (S(F4,2,lX))
1517 FORMAT(2(F4.2, IX) .3(F5.2,IX))

IF( IDEI'UG )hRIfE(9,604)
C 888* READ IN THE FLEET MIX FACTORS
C SHIP BUILDING FACTORS

READ. (ISYST,603)
READMISYST,7700) ((ADDPC7(MCLL),ML-1.6),LC-4.LU)
IF( IDE14UG )WRITE(9,7700)((ADDPCT(MCLL)MC1,6),LC-4,LU)

1700 FORMAT (6F6.2)
C 88** CC IN

READ (ISYST,603)
I'(IS.N4E.IIREADISYST,602((CCMC,LL).LL-4,LU).MC.1,3)
IF(IS.NE.l.AND.IDE9UG )IRITE(962)((CC(MC,LC),LC-4.LU),

+ MC.1.3)

602 FORMAT(4(F6.0,IX))
IF(IS.EO.1IREAD(ISYsr,n( (CC(MC,LC),LC.4,LU),ML-I .3)I
IF(IS.EO.l *AND. lItERUG )b)ITE(97)((CC(MC.LC),LC-4.LU),MC-1,3)

7 FORMAT(7F7.0)
C 88888 TDF IN 88888

READ(ISTST,603)

IF( IDEI4UG )WRITE(9,603)
READ( ISYST,8) 4(TDF(LCMN) .MN-1 *14) .LC1 ,3)
IF( IDEPUG )WRITE(9.8)((TDF(LC,MN).MN-1,14) LC-1,3)

to FORMAT(14FS.3)
V 88*8* READ IN )HE PROJECTED COMMODITY TONNAGES888

Do 8000 J-1,9
I (JI.EOI.0) ZR-S
IF(Jl.E.1). IR-15
IF (JI.6E.2) IR-JlIlO

DO 8030 ND- 1,2 .
READ (ISYST,603)
READ(ISYSTtS040) WHEAroRNv),soY(iRND),

+ OLYRYE(IR,ND),CORN(IR,NU),UILSD(ZRND),
+ ALMSTNtIR.ND),AZRORE(IR,NI;),
+ RAWMAT( ZRND) .COAL(IR,ND),PETROL(IR,ND)
* .CEMENT(IRND),AMIN(IRND).
+ DRY9LKIZR.ND.6GENCAR(ZR,ND),
+ STLPRD(IRPND)

9040 FORMAT (1OF8.0,/,b#f8.O)
IF ( IDEBUG ) WHITE (9,V040) WHEAT(IRND),

* SOY(ZRND),DLYRYE(IR,ND),CORN(XRND),
+ OILSD(IRND.,ALMSlN(XR.ND),AZRORE(IRND),
* RAWMAT(ZR,ND),COAL(IRND),-ETROLC IR,ND).
* CEMENT( I RND). AMIN( I RvND) PDRYOLK(ZIR,ND).-
+ GENlCAR(IR,ND),STLF'RV(IR,ND)

"030 CONTINUE
C CALCULATE THE TOTAL DEMAND FOR kALH COMMODITY

WHEAT(ZR,3)- WHEAI(IRPI)+ WHEAT(Ik,2)
SOY(IR.3)- SOY(ZRP1)+ SOY(IR,2)
BLYRYE(r(.3)- BLYRYE(ZRtl)+ SLYRYE(ZR#2)
CORN(IRv3)- CORN(IR,1)4 CORN(IR,2)
OILSD(IR,3)- OILSLS(ZRpl)4 OILSDLIR,2)
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ALMSTN(IR.3)- ALMUTN(IR.14+ ALNSTM(IR.2)
ALROREiZ*.3)- AIRORE(1R.I)* AIRORE(IR,2)
RA-MAI(1R,3)- RAMMAT( JR. 1,, RA&MAT(IR.2)
PETROL( IR.3)- PETRUL( JR.!). PTROL.(IR.2)
CEMENT(IR.3)- CEMENT(IR,1)4 CEMqENT(IR,2)
ADIIN(IR,31- A4mIN(Ik.1)4 AMIN(lk.2)
D*YbLK( IR.3). DRYOLK( IA. 1)4 D*YOLPs( R,2)
GENCAR(IR,3)- UikNCAR( IR,1)+ GENCAR(IN.2)
STLPRO(1R.3)- STLPRD(IR.1)4 SILPFCO(IR.2)

C CONVERT TO THE bIX MAJOR (OMMODITY GROUPS
00 8031 N11 1,3

GRAIN(IR.NJ)- WNEAT(IR.Nb)4 SOY(IkND)+
+ BLYRYE(IR.ND)+ CORN(IRvNJ)4 OILSD(IR.ND)

STONE(IR.ND)- ALMSTN(IR.NU)
ORE(IR.ND)- AIROrE(IN.NO)
OUL9((IRNU)- XA6WAT(IR.NO)+

+ PETROL(IR-NO)4 CEMNT(IRoND)+
+ AMIN(IRND)+ [IkY&LN(IR.ND)

GNCAR(IRNfLP. ULNCAk(IR.ND)4STLPRD(IR.ND)
04031 CONTINUE

C ASSIGN THE CARGO PROJECTIONS To rH& CORRECT WORKING VARIABLE
IF (ISES(1) .EQ. 1) GO 1U WIIOB

DO 8050 NO- 1.2
CAREX2(1.ND.Ik)- UkE(IR,ND)
CAREX2(2.ND.Ik)- CUAL(lR.ND)
CAREX2(3.NDIR)- STOME(IR.NIJ)
CAREX2(4,ND.IR)- GRAIN(IR.ND)
CAREX2(5.ND.1k.)- kL~K(I.R.dli
CAREX2(6.NU.IR)- GNCAfc(IR,ND)
EXTP2(4,ND,IR)- 0.0
EXTP2(6.NDIR)- 0.0

14050 CONTINUE
GO TO 8869

W8148 00 9887 NO- 1,2

CAREX1(1,NO.IR)- OfE(IR.ND)
CAREX1(2,NL..IR)- CUAL(IRND)
CAREX1(3j,ND,XR)- STONE(IRtHD)
CAREXI(4pNDIR)- GRA1N(IR.ND)
CAREXI(5,NU.IR)- BULK(IRPND)
CAREX1(6,NDvIR)- GNCAN(IRPND)
EXTF'1(4,ND,lk)- 0.0
EXTPI(6,ND.Xft)- 0.0

088;? CONTINUE
* CALCULATE FRACTIONS OF THE MAJOCDHUMODITY GROUPS FOR EACH
* INDIVIDUAL COMMODITY
9869 DO 8800 N-1,3

IF (N .EQ. 1) ND!- 2
IF (N .EQ. 2) N111- I
IF (N .EQ. 3) NDI- 3
IF (UkAIN(IR.NDI) .LT. 0.5) GO TO 8801

+ HI)
CARF(N,2,Ik)- SOY(IRPND1)i'GRA1M(IR,

CARF(N,IR)- BLYRYE(IR,ND!)/GRAIN(IR
+ .NDI)

CARF(N,4,IR)- COkM( IR,ND1)/GkAIN( IA,
4 ND!)

CARF(N,5e1R)- OILSD(IR#ND1)/GNAIN(IR.
+ NDI)

GO TO 8802
wool DO 8803 K- 1,5

CARF(NP,IR)- 0.0
(4803 CONTINUE
U802 CARF(N,6.IR)- 1.0

CARF(N,7.LR)- 1.0
CARF(M.8.IR)- 1.0
IF (BULK(1RND!) .LT. 0.5) GO TO 8804
CARF(N.9,IR)- RAWMAT(IR.NDI)/BULK(UR.

+ Nvi)
CARF(N.!0.IR)- PETROL(lR.NDI)/BULK(1R,

4 I)
CARF(N,lIR)- IANMENT(IR#ND1,DBULKAIRv

+ NDl)
CARFIM,12PIR)- ANIN(IRNDI )1BUL.R, R

4 NDI)
CARF(N.13.!R)- DRY9LK(IR.ND!)/4JLR(IR,

+ HI)
GO TO 8805

U804 0O U606 K- 9.13
CARF(N.K.IR)- 0.0

0806 CONTINUE
8805 IF (GNCAR(IR.NDI) .LT. 0.5) 00 TO 8807

CARF(N,14pIH)- U&CCAR(IR.ND1)/GNCAR(IR,
+ ND!)
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CARF(N.15PZR)- STLPRD(IRPNDI)YUNCAR(IR,

GO TU 800
6607 D0 609 M 14.15CARFI(No .I)- 0.0
boos CON TI NUE
6600 CONTINUE
8000 CONETINUJE

C 33383 OURS ZN
RD( SYST9603)

171 ,IDEDJG.WRITEc?,6O3)
EAcIYST,21)I(DATH ( MN),NlP14)

IV( IDEBUG )8RXTEc9t2I)c(jAThq(NN)eNN-1I4)
21 FORMAT (14(F4.IPIX))

C 383 TNLOCK IN
READI ISYST#603)
IF( IDEBUS )8RITEc9,603)
IF(IS.EO. 1)READc ISYST.22)((4(TILOCKLC.DJ).LC-4.LU) PN1i
+ 2)pJml#2)
17(XS.EG.1 AND. IJJEPUG )NRXTE(V,22)(((TNLOCK(LCNDJ),LCW4,LU)p
* MONI,2)oJmtt2)
IF(ZS.N&.1)READ(XSYST,?53)4((cTNLOCK(LC.NDeJ),LC-4.LU),ND-l'

* 2)#JmIP2)
IF(XS.NE.1 .AMD. IDESUG )&RITE(9e753)(((TIII.CIC(LCNUJ)LC4pLU).
+ N01.a2)@J1P2)

753 FORIATc4(F5.O,1X))
22 FORIIAT(7F6.1)

READ(ISYST,603)
IF( IDESUG )URITE(V'P603)
!F( IS.EO.l ) READ(IIYS(,22)c(TLTNL2(LC,ND.1).LL-4,LU).Nu1I,2)
IF( IS.EO.1 .AMD. IIIEDUG )WRITE(9,22)c(TLTNL2(LC,N1J.1),LC-4pLUI,

IF( IS.NE. 1 ) READ( ISYST,753)( ( (rL1L2ILCND.J) .LC-4,LU).
+ MD01#2),J-1.2)

IF( IS.NE.1 .AMD. IDESUG )WRITE(9.753)(((TLTNL2ILC.NDtJ),LC-4,LU),
+ ND-lp2),J-1.2)
READISYST.603)
IF( IIIELJG )&RITE(99603)
IF(IS.Eg.1) READ(ISYST.22)( cTLlIL3(LC.NDl).LCm4,LU),ND.1.2)
lF IS.EG.I *AMD. XDEPUG )WRITE(Y.22)( cTLTML3(LC,MD.1) ,LC-4.LU),
+ NO-I.?)
!7(IS.NE.1) READcISYST,753)cc(TLTIL3(LC.NJJ.J),LC-4.LU).

4 MD01,21,J-&.2)
IF(IS.NE.1 .AND. IJEBUG )&RITE(9753)((ITLTML3(LC.ND.J),LCm4,LU).
+ NO-1,2).J-1.2)

c **** ST. DEV IN
READcISYST,603)
IF( IIDEIUG ?RXT(9603)
IF1 S.EO.l READ(ISYST.22)(STDEVLCNDJ).LC-4.LUhNO4-l,

+ 2).J1.p2)
IF(IS.EO. 1 AND. IDEBUG )WRITE(9922)(cc c(DEVcLLNDJ),LC-4,LU).
+ N01.p2)PJ-1.2)
IF(IS.NE.1)READcXSYmT;7,4 cc STDEV(LCND.fl.LC-4,LU),ND4-1o

* 2)tJ-1.2)
x7(IS.NE.I .AND. IDEBUG )WRITE(9,754)c(STDEV(LCND.J.,LC-4,LU),
+ N12,12

754 FORPIAT(4c75.1.1X))
IF(IS.NE.1) DO 10 1001
DO0 1002 LC-4.LU

OU. 1003 ND1.,2
TILOCKcLCND,3-TH'LICKcLC,4D,2)
TLTML2cLC.ND,3)-TLTL2LCIIDP2)
TLTL3cLC.ND,3)-TLTML3cLCPNO,2)
STDEVcLC.NDP3)-SlokVcLC#ND,2)

1003 CONTINUE
1002 CONTINUE
1001 CONTINUE

C *** VALIDATION OTF IN 38
NEADc ISYST,603)
IF( IDESUG )WRITE(99603)
HLAD( 1SYST.70011TF4,3TF5.3T713.17F14
IF( IDEBUG ?8RXTE(9.700BT4ITF5.91713,8TF14

700 FOftnAT(4(F5.2. lX)?
C 8*8* TURNOK IN

READc ISYST,.hOS
174 IDEBUG )WRITEli9603),
READ(ISYST.23) (lURNBKILK).LKm1,KU)
174 IDEBUG )WRXTE4Y.23)(TURNSK(LK).U1.1,KU)

23 FORIAT(3(F5.0.1X))
READ(cISYSTP6O3)
IF( IDE&U6 )WRITEIY,603)

c *** XSIP IN *****
REA.'ISYST,25)(XSIPLC).LC-4,LU)
17( ILJEDUG )8ft1lE9#25)4XSNIPILC)vLCm4,LU)
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25 F0RIMAT(SFa.O)
**8*88 XCAP IN 88888

READ( ISYSTe2S) (XCAP(LC).LC-4oLU)
IF( IDEDUO UVRITE(Vp25)(XCAP(L).L.-4tLU)

C 888*8 NON-C IN
READ(ISYST.603)
IF( IDEBUG IRITE(9.603)
READ(ISYST.617) ((PCRF(NNpNU)vNN-1.14,.ND-1,a)
IF( IDEBUG )WRITE(9P617) ((PCRF(N.ND)fNN.1.4)9MD.1,2)

611 FORMAT(14(F4.IPlX))
C 88888 FLOAD IN

READ( ISYST#603)
IF( IDED4JG )WRXTE(9t603)
NEAD(ISYST9618) (FLOAD(MC).nC.1#6)
IF( IDEbrUG )&RITEC9,618) (IFLOAD(KC)PMNIl,6)

.618 FORMNAT (SF4.2)
C 88888 DISTN IN 88888

RtEALM ISYSTP603)
IF( IDEDUG )WRZTE(Vv6O3)
kEAD(1SYS~u629)( (DISTN(ND.NC).NL*1u6)PNU.19 2)
IF( IDEBUO )MRITE(9e62V)(CDISTN(NDPNC).NC.196)PMU-1,2)

629 FORMAT(6F7.1)
V 88888 FILL IN **8

READ( ISYSTP6O3)
If( IDESUG )WaRITE( .,603)
IIEA5( ISYST,629)(C(FILL(MC.LC)PNC-1,6) .LC.4,LU)
IF( IDEDUG )WRITE(9,629)((FILL(NCPLC),IqC.1,6),LC-4,LU)

C **8*8 EMPTY IN 88***

REAS IS YST#603)
IF( ZLSEUG )&RITE(9,603)
READ(ISYST,629)( (EMPTY(NCLC)PMCI.6),LC-4,LU)
IF( IDEDUG )URIIk(9,629)((ENPTY(DIC.LC).NC.1,6).LC.4,LU)

C *888* MRS IN 88888
REALM ISYST,603)
IF( IDEI'UG )WIRTE(9,603)

XF( IDELSUG )IRITEC9,621)(( (HRS(MNNISAMC),N1.14)PMC11p6)p
+ ISA-1.4)

621 FORMAT(14F5.1)
C 888*8 VSA IN 88888

READ( ISYST,603)
IF( IDE&iU )&iITE(9p6O3)
HEAD(ISYST,313)( ( (SA(N~PLC.ISA),IIN-1,14)PLC-4,LU) .ISA-1.4)

4 ISA-1'4)
C 888** DAIN IN 88

READ( ISYST P60 3)
IF( IDEBUG )WRITE(9,603)
NLAD(ISYST.313 C (DIN(MNNISA),N=IA4),ISA*I,4)
IF( ILIEBUG )WkXTE(9,313)CC(IN(NISANMN-ll4),ISA.1,4)

313 FORNAT(14F5.2)
C 88888 READ' IN RETIREMENT PERCENTAGES 88

READS (ISYTT.03)
DO 7710 J-1#9
J I =J- 1
XF(J1.EO.0) IR.8
IF(JI.EG.l) IR-I5
IF(J1.AJE.2) IR-J1810

7730 IF (IS EQ0. 1) kLAI(ISYST,624) (PO(IRoLC)oLC-4,LU)
IF (IS .EQ. I AND, IIJEBUG ) WRITE(i..s24) (PO(IRLC)

+ .LC-4,LU)
IF (IS .ME. 1) READs(ISYSTP787) (PO(IRPLU),LC-49LJ)
IF (IS MNI. A .AND. IDEBUG ) &RITE(9,787) (POUIR,

+ IC),LC-4,LU)
1710 CONTINUE
787 FGRNAT(4FS.2)
624 FORMAT'eFs.2)

C 88888 VASEFT IN 88888
READs CISYST,603)
IF( IDEDiUG )WRITE(9,603)
IF(1S.EQ.1)READ(ISYST,633)((BASEFT(MC.LC).LC.4tLU),NL.196)
IF(IS.EO.I .AND. IDEBsUG )WkITE(9,633)(CDASEFT(MCPLC),LC.LU),

* MCL,96)
IF( IS.NE.1)READ(ISYST,634)((IASEFT(#CLC)LC4.LU),N4C-,6)
IF(IS.NE.I .AND. IDESUG )iRITE(9,834)((BASEFT(flCLC),LC.4,LU)v

+ NC-I ,6)
633 FORS(AT(7F6.25
634 FORMAT(4(F5.2,IX))

L 88888 BYF IN 8888
REALM ISYST.603)
IF( IDEDUG )WRITE(9v603)

L 888 UFCX IN888
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READIZSYST.603)
IF( IDEBUG )WRITE(9,603)
IF( IS.EU.1 )READ(ISYST,407)((TDFCX(MI).M.1,S),I.2,4)
IF( IS.EO.l *AND. IDEBUG )WRITE(9.407)((TDFCX(MI),M.1,3),1.2,4)
IF( IS.Nk.1 )READ(ISYST,406)((TDFCX(M.1),M-1 ,5).1-2.4)
IF( IS.NE.1 *AND. IDEBUG )IRITE(9.406)((TDFCX(M.1),M.1u5)eI.2e4)

407 FOkMAT (3(F6.4,1X))
406 FORMAT (5(F6.4,IX))

C~ 8*8*8 REAIJ INCREASES IN CAPACITY WITH DAEPTH ss888

kEAD (ISYST#603)
IF ( IDEBUG ) WRITE (9,603)
READ (ISYST.9900) (CAPINC(LC)rLt. 4PLU)
IF C IDEBUG ) WRITE (9.9900) (CAPINC(LC),LC-4,Lu)

V90O FORMAT (1IF7.2)
I) 1518 LC-4.LU

SCOST(LC)-XSHIP(LC)+XCAP(LC)
CC(4,LC)..CC(29LI)
CCCS.LC)-CC(3pLC)
CC(6,LC)-CC(39LC)
CC(3,LC)-CC(IPLC)
GLOAD(LC)0O
GbAL(LC)0O
ZB(LC).ZDHF(LC)
IZ&H(LC)-1008Z9(LC)$O.5

1518 CONTINUE
DO 15 MN1,1l4

IF(IS.NE.1)GO TO 13)
rDF(4,MN)-TDF(1 .MN)
TDFC5pMN)*fDF (1.M)
TDF(6.MN)-TDF(2#MN)
TDF(7.MN)-lVF(2,MN)
TDF( S.MN).TDF(2vMN)
TDF(9,MN)-IDF(2tMN)
TDF( 1OMN)-TDF(3vMN)
TDF( 11,MN)11*f(3pMN)
0010 15

18 CONTINUE
TDF(4.MN)-TDF( 1 MN)
TDF(6,MN)-dDF(1 ,MN)
TDF(SMN)- rDF2.MN)
TDF(7.MN)-T'DF(2M)

15 CONTINUE
C

RETURN
END

C

SUBROUTINE H&AIJER (1691HUMO.ZRPISNILTHL)

IMPLICIT INTEGER (1)

c

C SUBPROGRAM HEADER PkIN(S THE PAGE HEADING,
U PAGE NUMBERS AND INCLUDES CARRIAUiE CONTROLS
C

COMMON /HEDCOM/ IIMO(14)PIYR(G0)
INfEGER ILI(3)

DATA ILT / 4H4NORM.4H LUW,4HHIGH/

2 FORMAT (t1,2X)
100 FORMAT(38XP36H***8 UL/SLS LOCK CAPACITY MOUL 8

+ 32X,5HPAGE .1294H * .12)
110 FORMAT (44XP25H**** S00 LOCK SYSTEM ***8,25X,8A2,2X.4A2)
120 FOftNAT (4SX,2J#*** WELLAND. CANAL S**,26XVA2,2X,4A2)
130 FORMAT (41XP28H***8 ST. LAWRENCE RIVER 8*88.25XuWA2.2X.4A2)
140 FORMAT CA9X,51i*88* ,14,5H SSSS.1

+ 32X22H***S SEASON EXTENSION 911916N9 LOCKING TIME ,44
+ 5H 888*)

150 FORMAT(/)

NeXPG.I
IMNM - INUN34I

IF( ZS.EG.l ) IPOS-11
WRITE(S.2) NEXPO
WRITE(9p100)INUM9,IPGS
IF( IS.EU.1 )WRITE(so110)
IF( IS.EO.w )WRITE(b,120)
IF( IS.EG.3 )WRZY+E(9#130)
WRITE(Ot140) IYR(IR),ISNILT(ILTML)
WN1TE). 150)

RETURN
END
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SUBROUTINE OUTNOb(LC.LUv 160INUM&PIRs IbNsIL IMLt#NLXPGe
+ ICAPvCARF)

IMPLICIT INTEGER (1)
IIENSION &OftTOL(12,14).SORTOT(3#I4)

C

C THE OUTPUT NODoULE CONIAINS 7 SUBPROGRAMS THAT PRINT 7 TABLES
C AND PRINTS 2 AbUIT IUNA. TABL.ES WITHIN THE MOIIULL bODY
C

COMMON /HEDCOM/ ISMO(14)*IYR(S0)
L~ON" /OUECOM/ CAGOCL(6.12).UB1HN 12,3. 14),U)LTRN(12,3,14)v

+ LI(14).DT(12.3.14) ,IDBTRN(12e3).1L1RNP(6, 12,2) ,XDLTRN(12.3).
+ INRSC14) ,ILTR(3, 12) ,IAHO(4.14) eLSDEV(4.2,14) ,ISTSTM( 14),
+ ITLTR(3912) ,ITNCST(15,12.4) .ITMCYC(4e2, 141 .ITOT(3.31u
$ ITOTC(2.6).ITTCST(12,J),UU (4.2e14)PTOTDBC3,14)tTOTDL(3u14).
+ TOTDT(3,14) .UTUN(4,2,14) .XUBTRN(l2p2).XDLTRN4(l2,2)

L;ONNON/Q/ATAR( 12,2) .ARTCL(2) ,ARTPOE(2) ,AU6At(4,2)t
+ CApCTy(4.2)."' TF(4.2, TLUCN(4.2)PLMAX( 12),LMIN(12),
* NONRA: (14),POEAA(12,2),PGk:CL(2).kAMNUA(492),RHO(4,2),RPMOCL(2),
* SAbA( 12.2) .SIEV(4,2) .MHIP( 12.6),SOOAR(4, 12,2),TMAL(14.12),
4 TBALT(12),TDCST(4.12), rojcx(5,4),TIMES(14),TLOAJ(14,12),
+ TLOADThI2).rNCYCL(492), fgq&A(4.2),TTI(14),
+ VARTH(4,2).TLOCKN(4,2hDAUAR(12.2)
COMMON /COMMOED/ WHEAT(WO.3).SOY(90O3).BLYRYE(WO.j),CORN(GQ,3),
+ OILSD(O,3),ALHSTN(UO,3).AIRGAC(0,3),(AUMAT(WU,3),
+ COAL(SO.3).PETROL4WO.3) ,ORYDLK(BO,3).GENCAA(UO9j),
+ STLPRDnSO,3) .GRAIHW4,,3).STONESO.,3) .ORE(80,3) .WULK(SO,3).
+ ONCAR(9O,3).CEMENI(s$o,3).AMINCOO.3)
COMMON /MINARY/ BASEFT(6. 12).CC(6,12),LiFA(t4,4),DISTNt2,6),
+ EMPTY(6. 12) .FILL(6. 12) ,FLEETN(6. 12) .FLOAD(6) .HRSYR(6),
+ PO0(S0,12,,REDFT(12).TDF(12,14)PTRIPYR(6 12)PVSMn12,6),
* WDIST(6),ZINF(12).ADDPCT(6.12),CAPINC(12)

COMMON /CAR6CM/ CAk8OCM(6v14)vbOR(12,12#14)

DIMENSION CARF(3915t&O)

9 FORMAT(11)
795 FORMAT (2X.I2.1X.6(lX,1d.2X#I6t4X))
ftl FORMAT (5X,6(2X.5( IH-) ,3X.S(1H-) .4X) ,',

+ lX,5HT0TAL.I6.2X,16,4X,5(lXI6,2XI6,4X))
2259 FORMAT (///.16X.15HLCIAUED lkAMSITS,23Xp9HbALLASW1,,~

+ 9H TRAMSITSt26Xv5HrOTALv//v
* 20Xp5HTOTAL.33X#5WTUTALP34X.3HALLP/P
+ 1XSHCLAS2(IOX,2HUPIQX,2HDN,7XSN1OTAL,2X,,10X,2HUP,
+ 1OX.2NDN.7Xt5NTOTAL)

2260 FORMAT (2X.l2p2X,3(3Xp2(IV.3X),I9,2X))
2263 FOkMAT(4XP3(BXP2(6H --- r6X)v6H--
2262 FORMAT(lX.5NTU1AL,3(3X,2(I9.3X),19,2X))

110 FORMAT (111/))
12e5 FORMAT (7(/))
113 FORMAT (33X,39H**** DAILY TRANSIT DiMARD BY MONTH AMD

+ IONCLASS 8885.)
121 FORMAT(I.26XtAU,45X9A9)
122 FORMAT(2X,2(12X.2HUP,16X,2HDN,l3X.,HTOTrAL )V/9

* 1X.SHCLASSP6(IOH LUAUI OLST TOTAL )
224 FORMAT(2X, 12.6(2Xo2( 1X.F4. 1) .1X.F5.1))
225 FORMA4X62X2UX,4N---- ,1XPSH --- ./,

+ IXSHTOTAL,6(2(1X,F4.1),XF5.1,2X))
118 FORMAT (50X*9HCONTINUED)
126 FORMAT (9(/))
123 FORMAT (7(/))
126 FORMAT (12(/))

2100 FORMAT (31X#25HSS*S* YkARLY TRANSITS BY
+ 2SHCONMODITY AND CLASS SB8//
+ 47%t.S1HLOADED IRANSITS*/I.
* 13X,3HOREISX.44COAL,15XSHSTONE,14X.SNORAIN,12X,
+ IONOTHER *ULKv9X.VHGEH CARO.I
+ 1X,5NCLASSeS(4Xe2HUP,6X,2HDNSX)p4X.2HuP,6X,2NDN)

INUMB- 0
WRITE(899) NEXPO
IF(IS.NE.1) GO To 7791
DO 906 LC.3#LU

DO '65 MNI1,14
DO 987 K.3.12v3

SOR(KPLCPMN)-0
V97 CONTINUE

DO 975 K-1@12
SON(%.LC.MH)-IFIX(10.B SOR(KPLCuMN#)+ 0.5)80.1

975 CONTINUE
V95 CONTINUE
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966 CONTINUE
DO 964 "NN1.14

DO 963 LC 39LU
DO 962 MDI,#2

:OR I3:LC:M;:)-OlfI3:3LC.NN4 OR INU,LV.NN)
SOR,6 LC NO)-UOR ,6 LC MM +0R CND+3) .LCPNN)
SOA(9 ,LC .M)-SOR(9 .LC , IN)+SOR( ( MD8I PLC, AN)
SOR(12PLCIIN)- SO*(12.LC#NN)*SOR((NLI+9)*LCMN)

962 CONTINUE
963 CONTINUE
V64 CONTINUE

00 7792 kN1.12
00 7793 J-IP14
60ftTOL(#Kj)-O

7793 CONT INUE
7792 CONTINUE

DO 7794 J1.P14
DO 7795 K-t.12
DO 7796 LC-3#LU

SORtTCL(KPJ).SORTOL(KPJ)*SOR(K.LCPJ)
1796 CONTINUE
7795 CONTINUE
7794 CONTINUE

60 TO 7797
1791 CONTINUE

DO 5 IA - 1.3
0O 7 19-1.14

SORTOTCIA@I3).O
7 CONTINUE
5 CONTINUE

D0 8 N-1,14
DO 90 LC-3.LU

D0 10 NO-192
SORtND.LCPMN)-IFIX(1O.S SORCNDPLCPMN)+ 051.

10 CONTINUE
SOR(3.LCIIN).SOR(1.LC.NN)+SOR(2LCIIN)
U0 it NO.1.3

SORTOT(ND.11N)-SORTOT(NDPMN)o4OR(ND.LCNN)
it CONTINUE
90 CONiINUE
8 CONTI NUE

7797 CONTINUE
IPftINT-O
IF(IR.EO.8) GO TU 7557
IF(IR.EQ.15) GO TO 75bl
DO 7549 J-20.80910

7549 CONTINUE
IF(IPRINT.EG.1) 410 10 75b/
IF(ICAP.GE.1) 00 TO 7548
C:ALL OUETA4 ISXNU)W.1RXbNu 1LI"L.SORTO..
+ SORTOTtLU)
6O TO 7552

7548 CONTINUE
XF(IR.GT.20) GO TO 7553
lf*IR.LT.15) GO TO 7554
YEARI*1 .0-15.0
DO 7555 N- 1,3

D0 7556 M1. 1 t15
CARF(N.N, If)-CARF(N.N.15)*(YEAR/5.O)*(CARF(N.fl,20)-CARF(NN, 16))

1556 CONTINUE
/555 CONTINUE

GO TO 7557
7554 YEARPIt81.0-8.0

DO0 7558 N- 1,3
00 7559 MPP 1.15

CARtF(NM.IR).CARF(NN.V),(YAt/7.O)*(CAftF(N.N.15)-CARF(N,M,6))
7559 CONTINUE
7556 CONTINUE

00 TO 7557
1553 DO 33 1-2,7

DO 32 JI-2.892
IYEAR-ISIO4JI
IF(Ift.LO.IYEAR) IDECI11

32 CONTINUE
33 CONTINUE

IDEClPPIDEC4IQ
YEA*-( IR-IDEC)*1.0
leO 7561 N- 1.3

DO 7562 M1,115
LAkf(Nfl.IR).CARF(N.N.IDEC)4(YEAR/10.0)8(CAtF(N.N.IDECII
+-CARF (NPMPIDEC))

7562 CONTINUE
1561 CONTINUE
7557 CONTINUE
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C 888PROJECTED CARGO ThhPLE 86888
C 886FLEET NIX 1AOL.E 86868 ABLV 888VESSEL CHARACTERISTICTaL868

CAL.L PROJCR (ISINUN31,IRIbNtILTHL,CARF)
CALL NI X ( ~IS.Ik~ft.1RPI8N.XLTMLbMIP)
CALL VESCNR (IStLUvLMINvLMAX)

C
C 88888 YEARLY TRANSITS TABLE 88
C

DO 2361 IA1I.LU
DO 2362 13-1,2

ILTR( IB*IA)-O
ITLTR(19I3 A)-o

LDI'TRN( IA. 131-0

236 ILTR. AvO -

232 CONTINUE

ITT(13, lO

2364 LOWYINHUE
DO2366 ZA-193

DO 2367 13-1,2
ITUTC( ID, A)0

2367 CONTINUE
2346 CONTINUE

C

WIITE(9,2100)
LO 105 LC-4.U

DO 107 '.H-1,14
Xr~TR(LC,2)XDDTRNL.2)+k4TRN(LC, I ,tN)8DN(NNM)

XDLTRN(LL.2'.XDLTNN(LC.2)4IDLYRN(LC, 1 ,#N)81JN(NN)
XDLTRN(LC. I)."IDLTRN4LC.I )+1LTRN(LCt2.flN)80H(flN)

107 CONTINUE
108 TRN(LC. )-XJBTRflfLC,11*Q.5
IDI4TRN(LCj2)-XDbTf.NLC2)+O.5
IDLTRH(LCPI).XD& (RN(LC,1)+O.s
IILiftt(LL,2)*KDLTRN(LC92)+0.S
0O 109 MC-1,6

DO0 102 MD-IP2
ITOTC(ND~flC).ITOTC(NDNtC)4ICfRNW(NC,LUND)
IL.TR(NDLC)-ILTR(NULC)+ICTRP(ICLC.ND)

102~ CONT INUE
109 LONTINUE

IL'TRN(LC,3)-IDDTRN(LC,1 )+LUIMFN(LC.2)
ILlRN(LC.31-ILILtRNCLC, I J4DLTRN(LC.2)
ILlR(3,LC)-ILTR( 1.LC)4ILTR(2,LC)
110 104 NODI.3

I rL1R(NDLL;)-ILfk(NOLC),ID'1RN(LC,ND)

LTTND,2).ITOT (NLI.2)+IU&ITRN(LC.ND)
I TT(Nb3)-ITOT(Nu.3)+ITLTR(NDvLC)

104 CONTINUE
105 CONTINUE

D0 799 LC; 4,LU
WRITE(8.7 5)LL.( (ICTRNP(NCeLC.I)eIl.2),NC-I,6)

"t' CONTINUE
hDAITE(S,757)( CITOTCCMPMeC),D-1,21,NC-196)
UXITE(9#2259)
DO 2261 LC-4#LU

WRITE(S260)LC,(ILTR(L)ll,3)(DbbTRN(LL.I),
+ Iin131,(ITLTREILG),I.1,J)

2261 CONTINUE
SIRITE (8. 2263?
URZTE(8.2262)( (ITOT(NMIeNE),ND313),N#E.1.3)

I3(1.NE.1 WRIME(8125)

C 888DAILY TRANSIT DIEMAND TABLE888
C

DO 2369 1A1,1I4
DO 2371 e13

DO 2372 1ClL
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;1372 CONTINUE
TOTDL.(13. IA)QO.
TOTD:( I boo 1A00.0
IOTD (I13 IA)-0

2371 CONTINUE
2369 CONTINUE

Do III N1914
DO 112 LC-4.LU

MOlLD-DLTRNM(LC. 1.NN)

ULrfRH(LG:I1 .N):DLTRN(LC#2vNN)
1LTR (LC 2 MN) 40LD
NOL a TRN(LCPINN)
D9TRN(LC:I:MII):DBTRfl(LC2IIN)
U97RFN(LC 2 MM) HMO.

112 CONTINUE
III CONTINUE

CALL MEkADER (IS#INUMN3,tISNvILTML)

URITE(O, 113)
DO 114 MN-1014

DO 115 LC-3tLU
DO 9i77 NO.1.2

DLTRN(LC.ND,NN).IFIX(10.8DLTAN(LCNDMN4t)+0.5)*O. 1
DBTRN(LCID.NN)-IFZX( 1O.81j$flN(LCND.II)4O.5)*O.1

V1 CONTINUE
DLTRN(LC,II).&.L1A(LC,M IN)4DLTRN(LL.2,NN)
IJTAN(LC.3,MN).D9TRN(LC,1 ,NN+JJ3TRN(LC.2,MM)

DT(LC,NDNN)LTRN(LLN,NN)+JIThN(LCNDNN)
101 PL (NDfN) TOVL (NV,MN)+VLTkN(LCNIJNN)
TOTI.B(MDMN). ICUJD(NDPfN)4DBTRN(LCNJ,MN)
TOT OT ND, MN ITOTDT (ND. MN I+DT( LC N,NO.MN)

116 CONTINUE
115 CONTINUE
114 CONTINUE

DO 117 1-1.13P2
J-1+3
IF( J.GT.14 IJ-J-14
JI*J~l
IF( JZ.EO.15 IJlI1

WkITE(B. 122?
DO 223 LL*3oLU

WRITE(8,224)LL.(LTN(LLtK.J)DTN(LCt,#~jI,DT(LC,KJ)t
+ K-1.3?,(DLTftN(LC.KJI).DBTftN(LC.IKJI),DT(LCogJI)

223 CONTINUE
WRITE(6,225)(TTDL(KJI.TOTD(K,)TOT'T(J)K-1,3),

* (TOTDL(K.J11.1OTDB(IK.Jl).rOTDT(KJl).K-193)
IF( J.NE.0 .AND. J.NL.14 ) GOTO 119

IF( IS.NE.l ) &RITE(8@12aI

CALL HEADER (IS.ZNUM&PIR.ISN,1LTML)

NRITE(B. 113)
WRITE(9. 119)

119 CONTINUE
117 CONTINUE

IIAITE(8. 123)

DO0 226 MN-1914
100 227 LC.4.LU

NOLDIILTRN4LC1.?Wl
IlL RN(LC, 1,NN)-DLTRN(LCv2M)
OLTRN(LC,2edlN).NO0LD
HOLOWD9TRN(LC. I MN)
D3TRN(LC,1 ,NN).DBTRN(LC#2uN
D9TRNCLC,2,NN)-OLI

227 CONTINUE
226 CONTINUE

C 888AGTUAL YRANS11S TABLE888
C 8*8QUEUING INFORMATION TABLE
C 888MONTHLY DELAY COST TABLE *8
C 888ACTUAL C;ARGO FLOW6 T48LE 8688
C

If( IS.E9.1 )CALL AC7RAM(LU91SPINUM3,IR,1SM#
+ ILTNLI

IF( IS.NE.1 )CALL ACTRM2(LUvISvINUM.IlP1VN.
+ XLTMLetbORTOI)

CALL OUETAB (IStINWMI,IINvLTML9
+ SOkTUL.6ORTOT,LU)

CALL ACCARO(CARF1ftl

B-29

.......



c
7552 CONT INUE

RETURN
END

C

SUBROUTINE PROJCR (IS, XNUMSIRe IBM.ILTML ,LARF)

IMPLICIT INTEGER (1)
DSIMENSION GARtF(3r15#9O)

C
C SUBSPROGRAM PR0JCR PRINTS TNE PROJECTED CARGO FLOWd TAISLLS

COMMON /NEDCOMj' IbM(141,IYR(SO)
COMMON /PRJCON/ IPlGARO(3515)vPCAR(3ib#&)

c

501 FORMAT (39X.33148888 PRUJECTED CARGO TONNAGE 3888p/
+ 45Xp21N(THOUSAND SNOk*T ruNsipl/)

120 FORMAT (BX,5(14XPAG))
110 FORMAT (I1X,5(4XPIH UP DOWN TOTALPIJC))
102 FORMAT 1lXv1ONOMEAT #4(337#1X)v3I7/#

* 1Xv1ONSOY YEANS #4(3I7,1X)p3I7/9
+ 1X,1OHIAkLEY4RYE,4(317,1X),3I7/,
+ 1Xf1o4CORM v4(317vlX)pJ1?/p
+ lXIOIL SEED ,4(3I7rIX),317/v
+ IX,1O.4L1MESTONE P4(317,1X)9317/t
+ 1XPlOHIROM ORE .4(3I~v1X),pj17/v
+ IX,1ONCOAL ,4(317,IX),317/p
+ 1XIOI4RAW MAYL o4(3X7e1X)93X7/t
+ IX.1OHPETROLEUM #4(3I7,IX)poSIl/s
+ 1Xp1ONCEMEMT #4(317.IX).317/.
+ 1X.1ONMINERALS *4(317PIX)P317/p
+ 1X.1OHDRY DU3J( P4(3I7tIX)s3I7/.
* lXIONGEN CARGO #4(317,1X),S17/t
+ IX.IONSTEEL PRODP4(31L/,IX),317)

703 FORMAT (11Xt4(3(7H --- 1X),3(7H ---
104 FORMAT (1X.IOHTOTALS P4(3Z7plX).3l7//)
105 FORMAT (8X,4(14XpAO)1lIXt4HYEAR)

2295 FORMAT (5(/))
c

WRITE (8,2295)
CALL HEADER (ISpINUMB.IR.ISN.ILTML)

DO 20 MN1015
DO 21 ND1.P3

DO 22 MC- 1.15
IpCARG(NDvhMNC)- 0

22 CONTINUE
IF'CTOT(ND,IIN)- 0

21 COMlINUE
20 CONT INUIE

110 2299 NO- 1,3
DO 2301 MN- 1#14

li0 6610 MC- 1,5
IPCARG(ND#MN.MC)- CARF(NO.MC#IR)c PLARG(NDIIN,4)

+ +40.5
w010 CONTINUE

IPCARG(NDPMN,6)- CARW(NDt*PIR)8 PCARG(N~i.MN,3)
+ +40.5

IPCARG(ND#MNP7)- CARF(NDv7#Ik)* PLARG(NDv.M1)
+ 4 0.5

XPCARG(NDPMNPS). CARF(N11u6.IR)* PCARG(NDvMNp2)

* 4 0.5
DO 820 MC- VP13

IPCARG(NDtMNPMC)- CARV(NU.MCPIR)8 PCARG(NDMN,5)
+ 4 0.5

6620 CONTINUE
DO 6630 W.- 14.15

IPCARG(NDoMN.MC)- CAftF(ND-MCvIR)*PCARG(ND@MN,6)
+ 4 0.5

6630 CONTINUE
DO 0640 MC. 1P15,

IPCARG(ND,15t$4C). IPCARG(ND.15.RC)+ IPCARO(NDMN#MC)
IPCTOT(NO.MN)- IPCTOT(ND9MN)+ IPCARG(NDMNMC)

040 CONTINUE
2301 CONTINUE

DO OS50 MC- 1.15
IFPCTOT(ND.I5). IPCTUT(NID.IS)+ IPCA*O(ND,15@MC)

8650 CONT INUE
229w CONTINUE
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WRITE(6e501)
WIRITE, 120: (IBMO(I)#.14vS)
IRITE(8,1I0)
IdRIIE(S.702)(( (IPCAft(IJK).I.1e3).J-4,S).K.1.15)
WkITE U703)
WRITE(S.704)((IPCTOT(IPJ),I-I.3),J.4.8)
WNITE(b.120) 1VOI.913
IiRITE CS.110)
iRITE(S.702)(((IPCARG(Z.J.#O.I1.3)tJ-913)I(.1.15)
MNIIE(I. 03)

W(IIE(89705) 19140(14)9 (I&MO(I)@1.lv3)
WRXTE(S. 110)

*J-193) .(IPCARG(I.15tK) .11.().KI. 15)
WRITECS. 703)
WRITE(S.704)CIPCTOT(1.14).I-I.3).( (IPCTOT(I.J).11.t3).JI.3).
+ (IPCTOT(1915)91II,3)
WRITE(OP2295)

C
RETURN
END

C

SUBROUTINE MIX (LU.ISpINWIBIkvIbN.ILTMLSNIP)

IMPLIC17 INTEGER (1)
C
C.
C SUBDPROG.RAMI MIX PRINTS THE FLEET MIX TAKLE
C

COMMON /MINARY/ MAbEFT(6912),CC(6u 12),DFA( 14.4).VISTN(2.6).
4 EMPTY (6.12) .FILL(6.12) .FLEETN(6e12) ,VLUADb(6) ,NRSTR(6).
+ P0(90.12) .REDFT(12),TDF(12,14),IRIPYR(6,12),VSNd126).
* WDIST(6),ZMNF(12).ADDPCT(6,12),CAPINC(12)
DIMENSION SNIP 12,6).tmip(6 ,rsmipsc 12)
DIMENSION SUMSNP(6)tASNIP(6)PIPCT(6pI2)

C

100 FORMAT (//45Xp1l'N**9* FLEET MIX 8388.1/)
110 FORMAT(7X.SNCLASS.SX.3NORE,13X.4N4COAL.1IX.SNSTONEv

+ lIXv5N6RAINv1lX96NO BULK.9Xt6HGCARO/Xt5HTOTALP
+ /,15X,6(6NNUNBER.2X.SNBUILD.3X)u/.ISX,6(SH6N1PS.SX.INZSX))

120 FORMAT(8X,12,6(5X.F5.1,3X,13),SX,F5.1)
130 FORMAT(4XP7(lIXp5 --- ),/,?X,6NTOTALSv2XtF5. I 6(11X9

4F5.1)//)

CALL HEADER (ISINUMilRtISNILIML)
WRITE(SPlO)
AdRITE (0 110)

I. 1D0 976 MC.1#6
TSHIP(MC)0O

976 CONTINUE
00 992 LC-4.LU

TSNIPS(LC)-0
DO 972 MC-1.6

SHIP(LCpgUCJ;SIFIX(10.8 HIP(LC.PMC)+ 0.5)80.1
r5HIiS( C)-TSHIPS LC)+sIP(u.:,Mc
rsmzp(mc).TSNIP(MC)+SNIP(LL.MC)
IPCT(MCLC)- ADDPL.T(MCPLL)SIOO.04 0.5

Y'2 CONTINUE
b6R!TE(S. 120)LC. (SI1P(LCJ),IPCT(J.LC) ,J-1 6).TSNIPS(LC)

992 CONTINUE
TTSHIPO0
D0 2236 MCI.,6

TTSHIP-TTSHIP+T'SNIP(MC)
2236 CONTINUE

&RITE(O.130)(TSNIP(MC).MC-196). (TSNIP
ADDTSN- 0.0
DO0 9500 MC- 1,6

SUMSNP(MC)- 0.0
9500 CONTINUE

DO 9520 LC- 49LU
ALC- LCS 1.0
DO 9510 mc- 196

SUNSNP(MC). SUMSNP(MC)+ AL.CSbHIP(LCPMC)
YS10 CONTINUE

ADDTSN- ADDTSN+ ALCSTSN1PMC(LC)
9520 CONTINUE
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DO 9530 MC- 1.6
IF (TSHIP(MC) LOa. 0.0) ASNIP(MC)- 0.0
IF (TSHXP(MC) *EU. 0.0) G0 TO VbJO
ASNIP(MC)- SUMSHP(MC),'ISNIP(MC)

9530 CONTINUE
ATSNIP- ADDTSN/ TISHIP
WHITE (0#9540) (ASHIP(MC)tMC.1,6),ATSNIP

9540 FORMAT (lXv9NCONPOS1TEp/v~IX.06NIP CLASSobXpF4.lp&( 12XvF4.1)//)
C

RETURN
END

C

C
SUBROUJTINE VESCHR (ISPLUPLMINtLMAX)

C
IMPLICIT INTEGER (1)

C
C SUBPROGRAM VESCHR PRINTS THE VESSEL CHARACHilk1~rICS TABLE
C

DIMENSION LMIN(12).LMAX(12)

COMMON /CALCOM/ ADDTRN(6vl2.2).CARG0P(6.2,BO),
+ CTRAN(612,4)PCTRNPN(6,l2.2) .EXTPT(6.2.U),HRS(l4.4.6),
+ TMLOCK(224)vVSAI4,l2,4)

COMMON /MINARY/ BASEFT(6.12) .CC(6,12) .DFA( 14.4) .DISTN(2.6)t
+ EMPTY(6.12 ,FILL(6. 12) .FLEETN(6.12) .FLOAIJ(6) .HRSYR(6),
+ PO(GO.12).REIIFT(12)PTDF(12.14) .rRIPYeR(6.12).VSM(12.6).
+ &DIST(6),ZBH(12).ADDPCT(6.12),(APINC(12)
COMMON /DATI/ BTF(14.4) .CAREX1 (6.2.80),CAREX2(6,2.MO).
+ DATM( 14) .D1NC1494)pDIST(6)v
+ EXTP(62t80),Lx~TP2(6t2p&0)t
+ IZBH(12) .LYEAR(80).ODAYS( 12).PCRF1l4.2).MC0'f(12).STDEV(2.2,4).
+ TLTML2(l2.2.4).TLTML3( 12.2.4) ,TUMK(4)tUNLOAD(12) .XCAP(12).
+ XSHIP(12).ZB(12)BAL(12)bLOAD(12)

C
5 FORMAT (1X)

302 FORM4AT(6(/)930Xt32H**** VLSSLL CHARACTERISTICS8*)
j04 FORMAT(25X.6HVESSEL.YX,4HMMANp6X.7HMAXlMUM,39X.SHCAPACIIY)
306 FORMAT 15X,6HVESSLL4X.6HLENGTH.SX.6H4.ESSEL.5X.IHCARRYlNO.9X.

+ 6HVJESSEL.SX,7HLOCKING.SXBHINCR(EASE)
310 FORMAT(26X,4H(FT),9XSN(MI-H) 6X.BH(S.TONS).IOXv3NC1).1OX.

+ 6H (mMN),10X.7H(S/IN))
308 FORMAT( 15X,5HCLASS.5X.bHRANGE,9X.5HSPEEDi,6XW4CAIACITY.7Xt

4 IIHUTILIZATION.6X.4HriME.9x.10HWflTH DRAFT)
J12 FORMAT22X.11HMIN MAX.47X,9NUP ON)
314 FORMAT(15X,3H Jt4X.32H (PLEASURE CRAFT. NON-COMMERCIAL.

* 2aM YESSELS. AND ICE LOCKAGES))
320 FORMAT(16X. 12,3X.14.4X.I4.6X.V5. 1.bX.I?tllX.I3,GX.I4.3X.

* 14#GXPF5.1)
332 FORMAT(/15XP36HCLASS 5 IS LANERS OF CLASSES 5 AND 6)
334 FORMAT(15XJOHCLASS 6 IS OCEAN 6OING VESSELS)

3334 FORMAT 41SX.46NCLASSES 0 AND 9 ARE BOTH LAKER AND OCEAN GOING;
* ON VESSELS//)

746 FORMAT(//)
2296 FORtMAT (6(/))

C
MRITE(GP302)

WRITE(SP30)
WRITEcS.304)
WiRITE(89306)
MRITE(OP308)
URITE(I.310)

IdRITE(69314)
DO 330 LC-4.LU

ICCC-CC(lo LC)40.5
lTMLKI-TMLOCK(LC2,2)+0.5
ITMLk2-TMLOCX(LCv1 .2)40.5
MRITE(9,320)LC.LMIN(LC)PLMAX(LC).VSM(LC1)1,C.CIZBN(LC).

+ ITMLK1.ITMLK2.CAPINC(LC)
J30 CONTINUE

WRITE(S.332)
WRITE(O.334)
IF (IS MNE. I *AND. LO .UE. IZ) WRITE (0.3334)
UkITE(U.746)
dRI TE (6 *2296)

C RETURN
END

C
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SUBROUTINE ACTRAN (LUP1S,INRW4OPIRISR.ILTML)

IMPLICIT INTEGER (1)

C
C SUBPROGRAM ACTRAN PRINTS THE ACYUAL TRANSITS
L FOR T~k b00 LOCKt SYSTEM

COMMON /HEDCOM/ IDMO(14)YIYR(UO)
COMMON /CARGCM/ CAGOCM(6p14)wVOR(I2,12qI4)

C
DIMENSION SORTOT(24)
DIMENSION SORTOL(12P14)

C
C

2221 FORMAT (43XP25H8838 ACTUAL TRANSITS86)
2297 FORMAT (50X.94CONTINUkI3)
2215 FORMfAT(/v27X,AU,43X9A8)
2216 FORMAT(5X,2(5XYNMACARTMUR,1QX,3HPOEp9X,15HSA31N AND DAVIS),/v

+ lXp5HCLASSP6(17H UP DN TOTAL ))
2218 FORMAT(1X.I2.2X.6(lX.2(1X.1-4.1).1X.F5. 1))
2219 FORMAT(5X.6(IX#2(lX,4M ---- ),IXPSH --

+ IX,6HTOTAL #6(2(F4. IpX) ,F5. 1.2X))
12 FORMAT (12(/))

991 FORMAT (/,52X.Ab)
Y93 FORMAT (31Xu5HSABIN.IIXYNMACARTHURplX,3NPOE,11X.9HMIW DAVIS@

* /,21X,5NCLASS,4(1/N UP DN TOTAL ))
YVV4 FORMAT (5X,2(X,NMACARTHUk,1OX,3jHPOE,12X.9HEW DAVIS)./v

+ 1X,5HCLASS*6(174 UP ON TOTAL ))
V95 FORMAT (22X.12,1X.4(IX,2(lXF4. 1 ),1XF5.1))
V96 FORMAT (27X.4(2(1X,4N---- )P1X.54---X).I.20X#5NlOTAL.1Xp

+ 4(2(F4.1,X)Pd5.1,diX))

C
CALL MEADER (1S.INUMD.IR.ISNYILTML)

WRITE (8. 2221)
J- 4

999 IF (J .GT. 14) J- J-14
JI. .1+1
IF (JI .ED. 15) JI- I

00 76 K-1#24
SORTOT(K)-O.O

76 CONTINUE
992 IF (LU *EQ. 11) WRITE (8.991) 1k4MO(J)

IF (LU .ME. 11) WRI1C (11,2215) IIIMO(J),I&MO(J1)
IF (LU .LE. 10) WRITE (8.2216)
IF' (LU -EQ- 11) WRITE (89993)
IF (LU GOE. 12) WRITE (HtVY4)
DO 2217 LC- 3.LU

IF (LU .EQ. 11) WRITE (89995) LCP(SOR(M#LC,J)oM-1.12)
IF (LU .LE. 10) WRITE (9.2219) LCv(SOR(MLCJ)vM1,9),

+ (SOR(MLCJI)PM1,9?)
IF (LU .GE. 12) WRITE (9,2218) LU,(SOR(M.LCvJ)vM-4,12)e

* (SOR(MLCJI).M4t12)
DO 75 Kt. 1912

IF (LU .LE. 10 MAD. Kt .E. 10) 60 TO 75
IF (LU .UI. 12 MAD. K *LE. 3) GO TU 75
SORTOT(K)- SORTOT(K)+SOR(KPLCJ)
IF (LU .EQ. 11) U0 IU 75
SORTOT(K412)- SORTUT(I(*12)+SOR(KPLCtJI)

75 CONIINUE
2217 CONTINUE

IF (LU .LE. 10) WRITE (892219) (SORTO(K)vK-Ip9).(SORTOT(K)p
4 K.13t21)

IF (LU .EQ. 11) WRITE C14.9Y6) (SORTOT(K)PK-1.12)
IF (LU .SE. 12) WRIIE (99221V) (SORIOT(K)vK-4p12)v(SORTOT(k),

# K-16,24)
IF (LU .ME. 11 MAD. J .ME. 8 MAD. J .Nt. 14) GO TO I5
IF (LU .EQ. It MUNI. J MRE. 6 MAD. J NHk. 9 AMD. J MRC. 12

+ .AMD. J .RE. 1) 0O TO 15

CALL HEADER I.UMkw4IrL

WRITE(B.2221)
WRITE(92297)

15 LONTIN4UE
J- J+2
IF (LU .EQ. 11) .1. JI
IF (LU .EQ. 11 .AND. JI .EQ. 4) 00 TO 2214
IF (LU MEC. 11 MAD. J EQG. 4) (50 TO 2214
DO TO 996
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2214 CONTINUE
IIRITE (6.12)
RE TURN
END

C
C ae*888888*8888sa*8a*8eeeseeSs*ss
C

SUPROUTINE ACTRN2 (LUv16.INUMM.IkvIVN.ILTMLv
+ SORTOT)

C
IMPL.ICIT INTEGER (1)

C SUBPROGRAM ACTRN2 PRINTIS THE ACTUAL TRANSITS
C FOR THE WELLAND AND Sl&AWAY
C

COMMON /HEDCOM/ lSMO(14)w1TR(SO)
COMMON /CAROCM/ CAUOCM(6*14)#SOR(12,12o14)

DIMENSION SORTOT(3v14)

110 FORMAT (43X,25H8*Sf ACTUAL TRANSITS 6)

130 FOkMAT (/6XP4(6XtA9.SE)./v
+ 1XtbNCLASS.4(3X.2NUP,4X.2HUN.2XbN(OTAL,4X))
2 FORMAT (3X,12.1X.Z(3(F4. 1,3X).lX))
4 FOMAT (6X.5(3(4H ---- o3X).IX)#/,
+ 1Xv5HTOTAL,5(3(F4.1,JX),lX))

12 FORMAT (6X*4(3(4H----.3X)PIX)./.
4 lX.5fNT0TAL,4(3(F4.l#3X)rIX))

1/0 FORMAT(5(/))
C
C

CALL H4EADER (XS-LNUROPIRtISM91IML)

NRITE(I. 110)

00 100 LC-4.LU
hIRITE(S,2)LC, ((SOR(1,LCJ),1-1,4),J.4,6)

100 CONTINUE
WR1ECS,4)((SORTOT(NUMN),NIJ-I.1,)MN4,S)
IikITE(BP120) (IDMO(I).I.9,13)
100 200 LC.4,LU

WdRITE(G.2) LC.( (SOR(1,LCPJ),1.1,3)PJ-9, 13)
200 COMIINUE

WRITE(S.4)( (SORTOI(ND.MN).ND-1,3).MN.9,131

DO0 300 LC-4,LU
WRITECS,2)LC,(SORCILC,14),lI3).((SOR(ILCIJ),

300 CONTINUE
hRITE(8,12)(SORTOT(ND,14).ND.1,5),((SOR1I I(NOMMN),NDI,3),

4 MMN12)
WRITE(6, 170)

C
RETURN
END

C

C
SUBROUTINE GuETA& (lSIIEUMMIR#YSN.ILTML,
+ SORTOLPSORTOTvLU)

C
IMPLICIT 1NTEbfR (1)

C
C
C SUPPROGRAM DUETAB PRINTS THE QUEUEING ANU LOCKING TIME INFORMATION
V

COMMON /HEDCOM/ IbM4O(14)91YRc80O
COMMON /CALCOM/ AUrRN(6,12,2)#CARGOPC6p2,9O),
+ CTRAN6,12,4),CTRNPM(6,12,2) ,&XTPT(6,2,S0),HRS(144,6),
4 lMLOCKC12p4),V8AC14t12v4)
COMMON /QUECOM/ CAGOCL(6. 12) .I3TRN(12#3, 14) ,ILTRN( 12.5.14),
4 M(14),Dr(12,3,141 iIVk~R(12,),CTRP(6.12.t2).IVLTRN(12,3),
+ IHRS( 14),ILTR(3,12) .1RH04. 14) ,ISDEV(4,14), ISVSTH( 14),
+ ITLTR(3,1v),flCST(15,12a),xICYC(4,2,14),110r(3.3).
* ITOTC(2.6),I. rtsli,2.uE(4214,TO00c314,oTL(314),
+ TOTDT(3914),UTONC4.2,14) .XDSTRN(12.2),XI)LTRN(12,2)

C
DIMENSION I&AITM4,2,14
DIMENSION SORTOL(12,14),SORIT(3914),MAITC(4t2),MAITM(4,2,14,

C
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5 FORMAT (1X)
2145 FORMAT (41X.29N6*Sg QUEUING INFORMATION 6*6)
2171 FORMAT (46X,17HCUJNS1NAINIMG LOCK)
2146 FORMAT (31X,7(3X,A9)./.30X.7(4X,2NUP.4X.2HDN4))
2149 FORMAT (1XZ6HLOCK OPERATION TIME (HRS) /(6X,16))
2191 FORMAT (1X.29HLUCK CYCLE TIME (MINII MLAN */(2(lX,15)))
2192 FORMAT (lX,29H t ST ukv./;2hIX.I5)))
2193 FORMAT (IX.29HAVE.&iAITINO lift (HOURS) .7(2(1XF5.2)))
2lV4 FORMAT (IX.29HAVE. QUEUE LENGTH (SHIPS) ,7(2(IX.F5.2)))
2195 FORMAT (1X#26NLOCK UrILIZAIION (Z) .7(6x,16))
2150 FORMAT (//43X.24HREMAIMING LUC.KS - SYSTEM)
2151 FORMAT (lXt21HSYSTEM ROUNOTRIP (IMk.5X.7(6X.16)t/

+ IXv22H - WAITING TINE (MRS))

127 FORMAT (5(/))

CALL HEADER (IS.INUNS.PIRISNPILTHL)
noU 2319 1-1014

IHRS(I)-NRS(IvIsN.1 ),0,5
2319 CONTINUE

hIRIIEI 8.2145)
IKHTI-0
IF (IS .EU. 1 -AND. LU b6E. 12) IKNTII 1

2160 IKNTI-IKNT141
0)0 500 1-1.3
00 500 J-102

I.AITC(I .J)-0O
00 500 K-1,14

IIAITM(IPJFK)-0.

bOO CONTINUE
IF( FN'. ) WRITE(8,2171)
IF( XS.EL.1 ) CALL QUEUE(IKNTI.LU)

C CONSTRAINING LOCK
L

WITE(B.2146) (18"0(1),1410)
&INITE(8,219)( (lCI INT2I-4l).IMC(?N111)I-1

WRITE(9,2192) (ISDEV(1K#4f1,2,I).1SDEV(1KNT , 1.1),1-4,10)
WNITE(8,2193)(WTQM(IKN(1 .2. I).ITGM(IKNT1 1) .1.4.10)
IF (IS .EQ. 1) 6.0 TU 3000
DO 3001 K- 1.2

DO 3002 1- 1#14
WAITM(XKNTIPK.I)- WTJ~M(IKNTIP,I)S SORTUT(K,1)* DM(1)
MAITC(IKNTIK)- WAITC(1KNT1.K)4 WAITN(IKNT1.KPI)

3002 CONTINUE
3001 CONTINUE

GO TO 3004
3000 DO 3005 K- 1.2

IF(K.EU.1) KS52
IF(K.EU.2) KS-I
KS.( IKNT1-1 )83+KS

DG 3008 1- 1.14
WAITM(IKMTI.K.1)- WTQM(IKNTlKvl)6 SONIOL(Kl.1)* DM11)
WAITC(IKMTIPK)- WAITC(XKNTI',h+ MAITM(XNNTI .K.I)

3006 CONTINUE
3005 CONTINUE
3004 DO 3021 K-I.?

DO 3022 1-1,14
IWAITM(I INTI .K.I)-WAITM( IKNT1 .K,1)40.5

3022 CONTINUE
3021 CONTINUE

hIRITE(OP3007) (IUAITM(IKNI 1.2#1).
+ XUAITM(IKNTIv1.1)#I-4v1O)

3007 FORMAT(1X.2VHMONTHLY WAITING TIME (MRS) P7(216))
WRITE(9.2194)(QUE(IKNOI,2,1) ,QUE(IKNTI.1.1 ).1-4. 10)

W RITE(::2195)(IRNOI IKNTI,*1), 1-4,10)
WRITE (S2146 ) (IbNOI I)tI-1.14) ,IM( )11i
WNITE(8,2149)(IHRS( I) *1-11.14),(IHRS(I).1-1,3)
WCITE(6,2191 )( ITMCYC(IKNT1.2.I).ITMCYC(IKNTI.lI).I-11,14).
+ (11'MCYC(IKNTI .2.I).ITMCYC(IKNTI1,I).XI3)
WRITE(S.2192)(1S&AI IKNT1.2.I).ISDEV(IKNT1.1.I).I-I1.14).
+ (ISDEV(IKN1,2,I).ISISEV IKNTIt,),I.1 .3)
WNITE(S.2193)(WTQM(IKNII,2,I).WOM(IKNTI11),I.11.14).

+ (WTQM(IKNTI .2.I).WIQM IKNTI, .1.1-1.3)
WRITE(I.3007) (IWAITHI IKNT1 .2.1).

+ IWAITMI IKNTI .1 ) .1-11.14?, 1IWAITM(I NHTI.2.I ).IWAITMII *~ IKNTIPI.1,*1-1.3)
WRITE(8.2194) ((UEl IKNTI.2,I),QUE(IKeTl .1 * ).I-1114).

4 (QIUE(IKNTI.2.I) *UUE( IKNTI.1 .1),*1-1.3)
WkITE(B.2195) (IRHOI IKNT1 * ) *1-11.14?.

WR TE(G,3008 hIAITC( IKIo12)pWAITC(IKNT1.1)
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3000 FCJMAT(/;.1X.29HYEA4LY WAITING lILM (HOURS) .7X.SHUPBOUNJto

* X,F6.O,7X, IHDO4N&OUND8IXF&.O)
IF( IS.NE.I )GOro 2101

IF( IKNT1.LE.2 ) SOTO 21V0
IF (LU .GE. 11 .AMD. IKHT1 *LL. 3) GO TO 2100

UOTO 2182

C

2181 CONTINUE
WRITE(S.2150)
&4RITE(0,2146) (IONO(I).1-4.10)
WIIJE(9,2I49)(IHRS(1). 1-4.10)
IRITE(S.2191)(I1MCYCC2.2,I).ITMCYC(2, 1.1) 1-4,10)
URITE(S.2192)(IBDEV(2,2,I), ISDEY(2v, .).1-4.O)
hNII'E(9,2193)(hTOR(22I)WrcdM(2t,h .111-4.10)
WRITE(S,2l94) ((dUE(2t2,I) .QUE(2,11) , 1.4, 10)
W$ITC(S,2I95)(IRHO(2,1 1.1-4,10)
WRITE(8,2151 )(ZSYSTM(11.I-4,IO?
WRITE(B,2146) (BOI.1,4,(BO1.- J
WNITE (8. 2149) ( IRS(I) , 111. 14)t( IHRS( I) *1. ,3)
hNITE(8,2191)(ITMCYC(2,2.1 ),1TMCYC(2.1,1) .1-11,14),

4 (ITMCYC(2.2.1 ),ITMCYC(2. 1.11.1-1.3)
WRT(8,2192) (ISDE'J(2, 2.I) ,ISLEV(2, 1. I 111, 14),

+ (ISDEV(2,2,I),ISDEV(2,1. 1),.11.3)
WRITE(8.2193)(WTUM(2,2,I) .hTOM(2.1),I-11.14),

+ (WTOM(2,2.I ),WTOI(2.1. 11,1-1.3)
WRITE(9.2194) (OUEC2,2.1 I UUE(2. 1.1) .I-11.14).

+ (QUE(2.2.I).OUE(2,lr1,1.-I.3)

+ (1RHO(2,I),I1.3)
bRITE(9,2151)(ISYSTM(I),1-11,14).(ISYSTM(I 1.1-1.3)

2182 CONTINUE
WRITE(B. 127)

RE TURN
END

C

C
SUABROUTINE ACCARGCCAW, 1k)

C

IMLCTIMLE 1
C

C SUBPROGRAM ACCARG PRINTS THE ACTUAL LAkGO FLUW IA&LE

COMMON /CARGCM/ CAGOCM(6.I4),60N(It2,.4)
COMMON /PRJCOM/ IPCARG(3v1S.15).PCARG(3.IS,6)

C
DIMENSION CARF(3.15#BO)
DIMENSION ZTFLOW(15),lCA&jO(15.14),ICAG(15,

INTEGER ICFLOU(15)

DATA ICAG / SHWHEAT SBHSOY NEAN.SHIIAR+RYE
4 HCORN 68HOIL SLED,SHL1MESTN 8HOIRON ORE.

4 SHCOAL SGHRAW MAlL,UHPETRJL SH4CEMENTo
4 UNMINERAL .SHDRY IULK.8HGLN CAkGUNSTL PROD/

I FORMAT (4(/.37Xo4OHACTUAL CARGO FLOW BY f:UMMODITY AND MONTH)
2 fORMAT(3XS3HCARGO 1 APR 2 APR MAY JUNE JULY AUG v
+ 42HSEPT UCT NOV I DEC 2 DEC JAN
+ IOHFED MARCH TOTAL.)

4 FORMAT(1XA1O,IX,14( 16vlX).I7)
5 FORMAT(12X,14(6H------.1IX)o7H --- /
+ 5X,7HTOTAL *14(16t1X),17)

11 FORMAT (2X,37HCARGO FLOWI CAPACIrY HAS BEEN REACHED) .1,
+ 2Xv41HCARGO FLOW PROJECTION CAN NOTf BE REACHED.)

00 12 1A-1.15
XTFLOW IA)O
ICFLON( IA)0O

12 CONTINUE
WRITE(S. 1)
hIRITE (8. 2)
DO 8 MN. I,14

DO 7 MC- 1,5
ICAGO(MC.MN). CARF(3.MCIN)* CAGOCM(4,MN)4 0.5

7 CONTINUE
ICAGO(6.MN)- CARF(3.8.IRS* CAGOLM(3,MNf)+ 0.5
ICAGO(7.MN)- CARF(3,1,ik)* CAGOCM(1.MN)+ 0.5
ICAGO(S.MN)* CARF(3.,IR)* CAUOCM(2,MM)+ 0.5

B-36



00 9060 MC- 9.13
ICAGO4NC@Mk)* CARF(3@MCeZS CA(OOCN(5pNN)* 0.5

960 CONTINUE
00 9070 MC. 14.15

lCAb0OHCvN). CAM(39NCIk)g CAUCCN6.%Mo 0.5
9070 CONTINUE

SCONTINUE
30 9071 mc. 1.15

DO 9690 Mft- 1.14
ll'FLO(MC)- ITFLOUCNC)+ ZE;AGO(NCvNN)

900 CONT INUE
IiR 1 1 f(SU4 ) IC*0(N C) t C 1 CAW (MC #M) 9 MN-4,9 14), ICA41O(MC MM).

+ MN1e3)PITFLON(NC)
9071 CONTINUE

D0 9600 loN 1,14
00 9601 NC- 1.15

JCFLOU(NN). ICFLOM(NN)+ ICAOO(MC.NN)
9601 CONTINUE

ICFLOU( IS). ICFLOM( 15)6 ICFLUW(MM)
9600 CONTINUE

WRtITE4S.5) CICFLON( I),I.4.14).(ICFLOW( I),.kJr),ICFLOW( IS)
14 CONTINUE

WRITE (092489)
2463 FORMAT (44/))

RETURN
END
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SOO DATA FILE

1.1 040N000, DArA FILE IDENTIFIER

10 NAXINUN VESSEL CLASS
1.0.0.0 SEASON EXTENSIONS
1.OO LUCKING TINB S (NORMAL. LON. HIGH)
O.80O..80,O.SO,O.80.O.SO0O.00.S.Ua,0.80,0.OO.8o SHIP UTILIZATION FACTORS
1.0Ol.0oo.o00O,O0.0000.00,00.00OO0.0000.O FACTOR, CALFAC
FLEET NIX SHIP BUILDING FACTORS
(ORE COAL STONE GRAIN UULK UCARGO CLASS
0.00 0.00 0.00 0.00 0.30 0.20 4
0.10 0.10 0.40 0.10 0.60 0.00 5
0.00 0.05 0.00 0.20 0.00 0.60 6
0.20 0.40 0.60 0./0 0.10 0.00 7
(.10 0.15 0.00 0.00 0.00 0.00 8
0.00 0.00 0.00 0.00 0.00 0.00 9
0.60 0.30 0.00 0.00 0.00 0.00 10
CARRYING CAPACITY BY SHIP CLASS (IN SHORT YUNS)

4 5 6 7 8 9 10
09500. 21000. 15000. 27000. 26000. 45000. 60000. IRON ORE - SfUNE
06700. 14000. 15000. 21000. 24000. 29000. 60000. COAL - GRAIN
08700. 14000. 15000. 21000. 24000. 28000. 60000. BULK - GENERAL CARGO
VALIDATION TRANSIT UISIRIBUTION FACTORS
JAN FEB MAR APR APR MAY JUN JLY AUG SEP OCT NOV DEC DEC
.007 .000 .000 .023 .048 .120 .127 .131 .123 .131 .127 .101 .037 .025
.007 .000 .000 .023 .040 .120 .127 .131 .123 .&41 .127 .101 .037 .025
.007 .000 .000 .023 .048 .120 .127 .141 .123 .131 .127 .101 .037 .025

(ARGO PROJECTIONS 8888 1V76 888s (SHORT TONS / YEAR)
DOMNBOUN0
17401. 135. 3430. 1609. 1282. 0.0 67699. 76. 2646. 141.

1. 41. 1702. 5/6. 257.
888 1978 8*88

UPBOUND

0.0 0.0 0.0 0.0 0.0 1995. 176. 42. 4817. 1084.
HO?. 459. 83. 690. 46.

8888 1985 8888
nOUNBOUND
22917. 62. 5084. 1406. 1296. 0. 73007. al. 4685. 151.
1. 49. 1900. 623. 284.

8888 195 8888
UPBOUND
0. 0. 0. 0. 0. 2060. 197. 48. 6551. 1149.
V48. 504. 101. /42. 91.

UOMNBOUND
25731. 66. 6566. 1211. 1411. 0. 80554. 97. 11702. 158.

1. 55. 2042. 659. 299.
8888 1V90 888

UPSOUND
0. 0. 0. 0. 0. 2307. 224. 52. b418. 1199.
1051. 537. 114. 781. 73.

8888 2000888
UUONBOUND
25171. 73. 7559. 1139. 1337. 0. 90495. 113. 17336. 174.
2. 70. 2376. 739. 330.

888 2000 88
UPBOUND
0. 0. 0. 0. 0. 2543. 254. 61. 6856. 1306.
1338. 616. 148. 867. /6.

8888 2010 8888
ICUNBOUND
27033. 77. 8407. 1244. 1364. 0. 104196. 134. 19749. 192.
2. 87. 2758. 827. 365.

8888 2010 8888
4IPBOUND
0. 0. 0. 0. 0. 284. 292. 71. 7511. 1423.
1676. 709. 185. 961-. '4.

8888 2020 8888
DOWNBOUND
26978. 79. 9167. 1371. 1391. 0. 116656. 159. 17951. 211.
2. 110. 3202. V77. 399.

8888 2020 8888
UPatIND
0. 0. 0. 0. 0. 3302. 332. 82. 8238. 1553.
2096. 817. 231. 1066. 75.

888 2030 8888
DOWNSOUND
31635. 60. 9926. 1'97. 1419. 0. 134166. 186. 1/991. 233.
2. 140. 3718. 4039. 443.

8888 2030 888*
UPBOUND
0. 0. 0. 0. 0. 3760. 375. 96. 9045. 1690.
2627. 945. 299. 1163. 120.

8888 2040 8888

C-2



DOMNDOUND

34301. 62. 10667. 1620. 1446. 0. 150710. 224. 18036. 257.
2. 160. 4317. 1164. 491.

s8s 2040 sass
UPSOUND
0. 0. 0. 0. 0. 4328. 425. 111. 9942. 1656.
5291. 1097. 361. 1313. 157.

**$5 2050 888
JOUNBOUND
36894. 84. 12207. 1769. 1462. 0. 168055. 266. 18085. 263.
3. 234. 5018. 1305. %43.

5*55 2050 S555
IWDOUND
0. 0. 0. 0. 0. 4955. 4/8. 129. 10939. 2035.
4123. 1279. 451. 1456. 195.
HOURS AOAILABLE FOR LOCKING OPERATIONS BY MONIH

JAN FED MAR APR APR M.4Y JUN JUL AUG SEPT UCT NOV DEC DEC
23.8 23.9 23.9 23.7 23.7 23.7 23.8 23.9 24.0 23.8 23.8 23.9 23.9 23.9
LOCKING TINE IN MINUTES BY SHIP CLASS

4 5 6 7 6 y 10 SHIP CLASS
0039. 0042. 0042. 0045. 0048. 0000. 0000. DOWN FOR SADIN-DAVIS LOCK
0038. 0041. 0042. 0045. 0046. 0000. 0000. UP
0073. 0075. 0074. 0077. 0078. 0101. 0106. DOWN FOR MACARTHUR-POE LOCK
0066. 0065. 0065. 0061. 0068. 0073. 0069. UP
LUM IMHES

4 5 6 7 8 9 10 SHIPC LASS
0066. 0074. 0072. 0075. 0077. 0096. 0102. PJOWN FOR MACARTHUR-POE LUCK
(058. 0063. 0063. 0058. 0067. 0069. 0064. UP
HIGH TINES

4 5 6 7 8 9 10 sMIP CLASS
0080. 0076. 0076. 0079. 0079. 0106. 0110. DUWN FOR MACARTHUR-POE LUCK
(0/8. 0067. 0067. 0064. 0069. 0077. 0094. UP
LOCKING TINE STANDARD DEVIATION IN MINUTES DY SHIP CLASS

4 5 6 7 a 9 10 SHIP CLASS
002.8 003.2 002.7 002.8 003.0 000.0 000.0 DOWN FOR SAUIN-UAVIS LOCK
002.5 002.6 004.0 003.5 002.2 000.0 000.0 UP
006.3 006.7 006.2 006.3 003.5 006.3 005.5
009.0 009.3 009.3 009.7 005.3 005.7 007.3
VALIDATION BIAS TRAFFIC FACTORS
L.AP L.AP E.DC L.11C
00.50 00.20 00.60 00.80
fURNEACK TINE IN MINUTES BY LOCK
MAC POE S-D
0000. 0000. 0000.
SNIP COST (S/HOUR) BY SNIP CLASS

4 5 6 7 6 9 10 SHIPL IASS
000373. 000396. 000423. 000435. 000423. 000553. 000579. OPERATING COST
000287. 000356. 000397. 000438. 000493. 000630. 000767. CAPITAL COST
NON-COMERCIAL CRAFT IAILY ARRIVAL - ICE LaCKAGES
JAN FED MAR APR APR NAY JUN JUL AUG SLP OCT NOV DEC DEC
00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0

02.0 03.0 03.0 01.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 DN

LOADING FACTOR - FLOAD
O C S G 06 GC
1.0 1.0 1.0 1.0 0.85 .85
ONE WAY DISTANCE (UlISN)

ORE COAL STONE GRAIN 0 BULK G CARGO
00824. 00774. 00790. 01478. 01149. 00875.
00000. 00762. 00549. 00000. 01077. 00782.
LOADING RATE (FILL)

ORE COAL STONE URAIN 0 BULK 6 CARGO
02800. 09000. 02800. 01481. 00600. 00150. 4
02800. 09000. 02800. 01481. 00600. 00150. 5
02800. 09000. 02600. 01481. 00600. 00150. 6
02800. 09000. 02800. 01461. 00600. 00150. 7
02800. 09000. 020800. 01481. 00600. 00150. 8
02800. 09000. 02000. 01401. 00600. 00150. 9
(2800. 09000. 02800. 01481. 00600. 00150. 10
UNLOADING RATE (EMPTY)

ORE COAL STONE GRAIN 0 BULK 0 CARGO
02800. 01848. 00700. 01266. 0014J. 00150. 4
02800. 01848. 00700. 01266. 00143. 00150. 5
11200. 01848. 06720. 01266. 00143. 00150. 6
11200. 01848. 06720. 01266. 00143. 00150. 7
11200. 06720. 06720. 01266. 00143. 00150. a
11200. 06720. 06720. 01266. 00143. 00150. 9
11200. 06720. 06720. 01266. 00143. 00150. 10
OPERATING HOURS PER MONTH PER SLASUN LXIENSION (MRS)
JAN FED MAR APR APR ,IAY JUN JUL AUG SLP OCT NOV DEC ILL
(00. 000. 000. 356. 356. /35. o14. 741. 744. 714. 738. 717. 360. 384. ORE EXT 1
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. 738. 717. 360. 384. LOAL
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. 730. 717. 360. 384. STONE
000. 000. 000. 356. 356. /35. 114. 741. 744. 714. 738. 717. 360. 384. GRAIN
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. 738. 717. 360. 384. U BULK
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. 7I3. 717. 360. 384. 0 CARGO
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/38. 000. 000. 356. 356. 735. /14. 741. 744. 714. 738. 717. 360. 384. ORE EXT 2
/38. 000. 000. 356. 356. 735. 714. 741. 744. 714. 738. 717. 360. 44. CUAL
000. 000. 000. 356. 456. 735. 714. 741. 744. 714. 138. 717. 360. 384. STONL
000. 000. 000. 356. 356. 735. 714. /41. 744. 714. 738. 717. 360. 384. GRAIN
000. 000. 000. 356. 356. 735. 714. 741. 744. /14. 738. 717. 360. 384. U BULK
000. 000. 000. 356. 356. 35. 714. 741. 744. 714. /38. 717. 360. 384. 0 CANGO
/38. 669. 000. 356. 356. /35. /14. 741. 744. 714. 738. 717. 360. 384. ORE EXT 3
738. 669. 000. 356. 356. 735. 714. 741. 744. 714. 738. 717. 360. 384. COAL.
000. 000. 000. 356. J56. /35. 714. 741. 744. 714. 7.48. 717. 360. 384. STONE
000. 000. 000. 356. 356. 735. 714. /41. 744. 714. 738. 717. 360. 384. GRAIN
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. /8. 717. 360. 384. 0 BULK
000. 000. 000. 356. 356. 735. /14. 741. 744. 714. 738. 717. 360. 384. 0 CARGO
/38. 669. 741. 356. 356. 735. 714. 741. 744. /14. 738. 717. 360. 384. ORE EXT 4
738. 669. 741. 356. 356. 735. 714. 741. 744. 714. /38. 717. 360. 384. COAL
000. 000. 000. 356. 356. 735. /14. 741. 744. 714. 738. 717. 360. 384. STONE
000. 000. 000. 356. 456. 735. 714. 741. 744. ?14. /38. 717. 360. 384. GRAIN
000. 000. 000. 356. 456. /35. 714. 741. 744. 714. 738. 717. 360. 384. 0 BULK
000. 000. 000. 356. 356. 735. 714. 741. 744. 714. 738. 717. 360. 384. 0 CARGO
VESSEL SPEED BY MONTH ANU CLASS (VSA)
JAN FEB MAR APR APR MAY JUN JUL AUG SEP OCT NOV oEC DeC
(0.0 00.0 00.0 13.0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.6 4 EXT 1
00.0 00.0 00.0 13.1 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.8 5
00.0 00.0 00.0 13.9 14./ 14.7 14.7 14.7 14.7 14.7 14.* 14.7 14.7 14.6 6
00.0 00.0 00.0 14.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6 7
00.0 00.0 00.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 8
00.0 00.0 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 9
00.0 00.0 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 10
11.6 00.0 00.0 13.0 13.9 13.9 14.9 14.9 13.9 13.9 13.9 13.9 13.9 13.6 EXT 2
12.5 00.0 00.0 13.1 13.9 13.9 13.9 13.9 13.9 1J.9 13.9 13.9 13.9 13.8
14.2 00.0 00.0 13.9 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6
13.7 00.0 00.0 14.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6
13.9 00.3 00.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
14.1 00.0 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
14.1 00.0 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
11.6 09.3 00.0 13.0 13.9 13.9 13.9 13.9 1.9 13.9 13.9 13.9 13.9 13.6 EXT 3
12.5 10.1 00.0 14.1 14.9 13.9 13.9 13.9 13.9 1..9 13.9 13.9 13.9 13.8
13.2 10.7 00.0 13.9 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6
13.7 11.9 00.0 14.0 14.7 14.7 14.7 14.7 14.7 14.7 14./ 14.7 14.7 14.6
13.9 12.7 00.0 14.2 14.9 14.9 14.9 14.V 14.9 14.9 14.9 14. 14.9 14.8
14.1 12.7 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
14.1 12.7 00.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
J1.6 09.3 09.9 !3.0 13.9 13.9 13.9 1J.9 13.9 13.9 13.9 13.9 13.9 13.6 EXT 4
12.5 10.1 10.5 10.1 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.8
13.2 10.7 11.1 13,9 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6
13.7 11.9 12.0 14.0 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6
13.9 12.0 12.2 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
14.1 12.7 13.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.V 14.9 14.9 14.8
14.1 12.7 13.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
RELATIVE DEMAND INDEXES (DIN)

.JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC
00.0 00.0 00.0 01.8 04.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 03.2 02.1 EXT I
06.0 00.0 00.0 01.8 04.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT 2
07.0 06.0 00.0 01.8 04.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT 3
07.0 07.0 07.0 08.0 09.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT 4
VESSEL RETIREMENT PkACTIOMS (PU)

4 5 6 7 u 9 10 YLAR
0.00 0.00 0.00 0.00 0.00 0.00 0.00 IV78
0.56 0.30 0.20 0.00 0.00 0.00 0.00 1985
1.00 0.50 0.30 0.00 0.00 0.00 0.00 1990
1.00 0.80 0.50 0.10 0.20 0.00 0.00 2000
1.00 0.85 0.80 0.20 0.30 0.00 0.00 2010
1.00 0.95 0.85 0.30 0.80 0.00 0.20 2020
1.00 1.00 0.95 0.80 0.92 0.00 0.30 2030
1.00 1.00 1.00 0.85 1.00 1.00 0.50 2040
1.00 1.00 1.00 0.90 1.00 1.00 0.60 2050
B S YEAR FLEET (MASkLr)

4 5 6 7 8 9 10
0.00 30.10 0.00 ;.b0 6.60 1.00 8.00 URE
1.40 6.30 1.00 0.40 0.00 0.00 1.00 LUAL
0.60 0.90 0.00 0.00 0.00 0.00 0.00 blONE
1.40 7.30 6.90 14.60 0.00 0.00 0.00 GRAIN
0.00 1.10 0.00 3.80 0.00 0.00 0.00 0 BULK
2.70 0.00 3.80 0.00 0.00 0.00 0.00 0 CARGO
#LASED TRAFFIC FACTOR (WTV)

JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC
0.00 0.00 0.00 0.50 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.80 EXT I
0.05 0.00 0.00 0.50 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 EXT 2 I
0.00 0.05 0.00 0.50 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 EXT 3
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 U.00 0.00 0.00 0.10 0.10 EXT 4
EXTENDED SEASON DISTRIOUTION FkACTIONS
J-1 F-1 M3
1.0000 0.0000 0.0000 ISN2
0.5000 0.5000 0.0000 ISN3
0.3333 0.3333 0.4333 1SN4
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LAPACITY INCREASE WITH DEPTH (SHORT TONS PER YEAR)
4 5 6 7 8 9 10

0.00 91.80 41.00 113.10 115.60 167.10 207.10
1 CAPACITY EXPANSION? 1.YESPONO
I CAPACIlY EXPANSION MEASURE

O.075 0.075 LOCKING TIME. TRAVELING lEVELS
0.025 0.025 REDUCTION FACTORS INCREASE SHIP SPEED
0.055 0.010 FASTER DUMP/FILL
0.045 0:045 TRAFFIC CONTROL
0.130 0.13o MAXIMUM UTILITY

LOCKING TIME REDUCTIUN SELECTOR

1 CAPACITY XPANSION?.
a INCREASE ALLOWAB. OAFT
32.0 NEW DRAFT

0 DEEPER DRAFT AND LARGER SHIPS
0 CAPACITY EXPANSION MEASURE 2
2 BUILU LARGER LOCKS
11 MAXIMUM SHIP SIZE
0.80 0.80 ZBHF
FLEET MIX BUILDING FACTORS
ORE COAL STONE GRAIN OSULK UCARGO
0.00 0.00 0.00 0.00 0.30 0.10 4

0.10 0.05 0.40 0.05 0.60 0.10 5
0.00 0.05 0.00 0.10 0.00 0.30 6
0.00 0.10 0.60 0.50 0.10 0.00 7
0.10 0.05 0.00 0.00 0.00 0.50 6
0.00 0.00 0.00 0.00 0.00 0.00 v
0 .60 0.65 0.00 0.60 0.00 0.00 10
0.,20 0.10 0.00 0.20 0.00 0.00 it

I0.00 0.00 0.00 0.00 0.00 0.00 12

SHIP CARRYING CAPACITIES
11 12

72000.0 90000.0 ORE
Y2000.0 90000.0 COAL
72000.0 90000.0 STONE
72000.0 90000.0 GRAIN
72000.0 90000.0 0 BULK
72000.0 90000.0 G CARGO
LOCKING TIME (NORMAL)

4 5 6 7 a 9 10 it 12

/3.0 75.0 74.0 77.0 7.0 0.0 0.0 0.0 0.0 DN-SASIN
68.0 65.0 65.0 61.0 60.0 0.0 0.0 0.0 0.0 UP
/3,0 75.0 74.0 77.0 70.0 101.0 106.0 11.5.0 126.0 UN-MACARTmUR.POE.
68.0 65.0 65.0 61.0 68.0 73.0 W9.0 98.0 113.0 UP DAVIS
LOCKING TIMES (LO )

4 5 6 7 8 9 10 11 121 3.0 75.0 74.0 77.0 78.0 0.0 0.0 0.0 0.0 DN-SABIN
68.0 65.0 65.0 61.0 60.0 0.0 0.0 0.0 0.0 UP
73.0 75.0 74.0 //.0 78.0 101.0 106.0 115.0 126.0 DN-MACARTHUR.POt
6b.0 65.0 65.0 61.0 6b.0 ;3.0 89.0 90.0 113.0 Up DAVIS

3LOCKING TIMES (HIGH)
4 5 6 W U 9 10 11 12

13.0 75.0 74.0 77.0 Y8.0 0.0 0.0 0.0 0.0 DN-SABIN

68.0 65.0 65.0 61.0 68.0 0.0 0.0 0.0 0.0 UP
13.0 75.0 74.0 77.0 78.0 101.0 106.0 115.0 126.0 UN-MALARTHURPOEt
68.0 65.0 65.0 61.0 68.0 73.0 89.0 8-.0 113.0 UP DAVIS
LUCKING TIME STANDARD DEVIATlUN
4 5 6 7 0 9 10 11 12

6.3 6.7 6.2 6.3 3.5 0.0 0.0 0.0 0.0 UN

9.0 9.3 9.3 9.7 5.3 0.0 0.0 0.0 0.0 UP
6.3 6.7 6.2 6.3 3.5 6.3 5.5 5.1 t.1 DN
V.0 9.3 9.3 9.7 5.3 5.7 /oJ .3 7.3 UP
SUADING RATES
ORE COAL blONE GRAIN OBU(.K GCARGO CLASS
2800. 9000. 2800. 1481. 600. 150. 11
e800. 9000. 2800. 1481. 600. 150. 12
UNLOADING RATES
ORE COAL STONE t4AIN OSULK GCARGO CLASS

11200. 6720. 6/20. 1266. 143. 150. 11
1 1200. 6720. 6720. 1266. 143. 10o. 12
VESSEL SPEED

.JAN FEB MAR IAPR 2APR MAY JUN JUL AUG SEP UT NOV IDEC 2DEC
0.0 0.0 0.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 11
0.0 0.0 0.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.V 14.9 14.9 14.8 12
NETIREMENT PERCENTAGES

11 12
0.0 0.0 19/8
0.0 0.0 1985
0.0 0.0 1990
0.0 0.0 2000

0.0 0.0 2010
0.0 0.0 2020
0.0 0.0 2030
0.0 0.0 2040
0.1 0.0 2050
CAPACITY INCREASE WITH DEPTH

I1 12

260 250 CAPACITY EXPANSION?
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WELLAND DATA FILE

1P2 GONOGO, DATA FILE IDENTIFIER
/ MAXI U VESSEL CLASS

0,,0.0 SELASON EXTENSIONS
1,00 LOCKING TINES (NUJN/ALPLOMHIGH)
0.70.O.70.0.70 0,0.700.70,o.70.O.70.0.7090.70 SHIP UTILIZATION FACTORS
1.00.5.00,0S.00.O1.17,10./0000.0000.00.00 FACTUR.CALFAC.SYSFAC.SYSADOSYSTEN
FLEET NIX SHIP bUILDING FACTORS
ORE COAL STONE GRAIN U8ULK UCARGO CLASS
0.00 0.00 0.00 0.00 0.20 0.20 4
0.20 0.10 0.20 0.05 0.30 0.00 5
0.00 0.10 0.10 0.35 0.30 0.00 6
0.80 0.80 0.70 0.60 0.20 0.00 7
CARRYING CAPACITY BY SHIP CLASS (IN SHORT TONS)

4 5 6 7
09500. 21000. 15000. 27000. IRON ORE - STUME
06700. 14000. 15000. 21000. COAL - GRAIN
06700. 14000. 15000. 21000. OTHER BULK - ULNERAL CARGO
VALIDATION TRANSIT DISTRIBUTION FACTURS
JAN FED NAY APR APR MAY JUN JLY AUG SEP UCT NV LIC DEC

.000 .000 .000 .030 .050 .130 .120 .120 .120 .2o .120 .120 .050 .020

.000 .000 .000 .040 .050 .130 .120 .i20 .120 .120 .120 .120 .050 .010

.000 .000 .000 .000 .000 .000 .000 .000 000 .000 .000 .000 .000 .000
CARGO PROJECTIONS 888 1978 8888 (SNORT TONS / YEAR)
DOUNBOUND
16022. 2791. 2994. 6666. 1282. 110. 4YVI. /WW. 5906. 1217.

1. 1630o 2755. 998. 116.
$88* 1978 8*8*

UPBOUND
0. 0. 6. 0. 0. 46. 11219. 0. 0. 613.
486. 427. 2335. 1195. 3598.

8*88 1985 8888
DOMNBOUND
20781. 2015. 4449. /752. 1298. 112. 455. /54. 5615. 1322.

1. 1825. 3234. 108 . 04.
88*8 1985 888

UPSOUNO
0. 0. a. 0. 0. 49. 12000. 0. 0. 664.
600. 487. 2375. 1303. W447.

*888 1990 888
1)UWNBOUND
23346. 2136. 5666. 6237. 1311. 126. 5418. 901. 5155. 1400.
2. 1973. 3594. 1151. 188.

8888 1990 888
UPBOUND
0. 0. 20. 0. 0. 55. 13463. 0. 0. RO.
684. 531. 2415. 1386. 6864.

*8*8 2000 8888
DOSNBOUND
24290. 2355. 6517. 5866. 1337. 149. 5497. 1052. 5714. 1541.
2. 2244. 4281. 1307. 223.

888* 2000 888
UPSOUND
0. 0. 23. 0. 0. 62. 15309. 0. 0. ?68.
899. 620. 2469. 1569. 7142.

88*8 2010 8888
OOWNBOUNO
26120. 2497. 7259. 6405. 1364. 157. 5895. 1250. 5718. 1694.
2. 2646. 4V63. 1477. 267.

8888 2010 88*8

UPBOUND
0. 0. 25. 0. 0. 69. 17544. 0. 0. 842.
1046. 729. 2b29. 1776. 8845.

8*8* 2020 88
bOSN8OUND
28024. 2547. 7934. 7062. 1391. 180. 6342. 14&5. 5/23. 1863.

2. 3188. 5139. 1660. 304.
8*8 2020 888

UPDOUND
0. 0. 25. 0. 0. go. 19911. 0. 0. 924.
1445. 861. 2454. 2011. 7058.

8*8* 2030 88*
DOWNIOUND

30626. 2596. 8609. //12. 1419. 206. 6846. 1164. 5729. 2050.
2. 3940. 6358. 1835. 449.

8888 2030 88*
UP80UND

0. 0. 25. 0. 0. 90. 2244b. 0. 0. 1013.

1837. 1024. 2517. 2276. 111/.
888* 2040 *888

UUwN8OUND
33228. 2651. 9266. 8341. 1446. 236. 7411. 2096. 5736. 22V.
2. 5018. '679. 2130. 564.

8888 2040 8*8*
UP8OUND
0. 0. 25. 0. 0. 10.4. 25125. 0. 0. 1113.

2330. 1224. 2596. 2576. 14645.
88*8 2050 88*
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~UUNNBOUND

35770. 2704. 10638. 9109. 1462. 271. 8045. 2490. 5744. 2492.
J. 6396. 8695. 2406. 760.

Sg*2050 $2
UPDOUND
0. 0. 25. 0. 0. 119. dbOTS. 0. 0. 1222.
2¥01. 1471. 2946. 2917. I#0201.
HOURS AVAILABlLE FOR LOCKING OPERATIONS BY MONTH
JAN FED MAR APR APR MAY JUN JUt AUG SEPT OCT NOV IEC DEC

2 3.4 23.4 23.2 23.2 23.4 23.5 23.5 23.4 23.3 23.2 23.2 23.4 23.4
LOCKING TIME IN MNUTES BY SHIP CLAbS

4 5 6 7 SHIP CLASS
0035. 0035. 0045. 004/. DOWN CONSTRAINING LUCK
0039. 0039. 0047. 0048. UP
0034. 0034. 0031. 0041. DOiN NUN-CONSTRAINING LULKf 0034. 0034. 0040. 0041. UP

TU IMES
4 S5 6 7 SHIP LLASS

0039. 0035. 0044. 0046. DOWN LONSTRAINING LUCK
0038. 0038. 0046. 004/, UP
0034. 0034. 003&. 0040. VOWN NON-LONSTRAINING LUCK
0034. 0034. 0039. 0031. UP
HIUM TIMES

4 5 6 7 SHIP CLASS

(0036. 0036. 0046. 0048. UUWN LONSTAINING LUCK
S0039. u039. 0048. 0049. UP

003 0 035 040. 04. DON NN TRAINING LOCK
0(1045 0035. 0041. 0041. UP

LUCKING TIME STANDARD DEVIATION IN MINUTES BY SHIP CLASS
4 5 6 7 SHIP CLASS

(02.7 002.7 003.5 004.1 OWN CONSTRAINING LOCK
002.8 002.8 003.5 004.1 UP
o02.7 002.7 002.8 003.0 DOWN NON-CONSTRAINING LULK
002.7 002.7 002.8 003.0 UP

VALIDATION BIAS TRAFFIC FACTORSf AP L.AP E.OC L.UC~00.60 00.60 00.70 00.80

fURNBACK TIME IN MINUTES BY LUCK
COUN. NON-C

0000. 0000. 0000.
SHIP COST ($/HOUR) BY SHIP CLASS

4 5 6 7 a 9 t 1 SI LS
000373. 000396. 000254. 000435. 000423. 000553. 000579. 000632. UPERATIHO-OST
000287. 000356. 000238. 000438. 000493. 000630. 000767. 000877. CAPITAL COST

NON-COMMERCIAL CRAFT DAILY ARRIVAL - ICE LOCKAGES
JAN FEB MAR APR APR MAY JUN JUL AUG SEP OLT NOV DEC DEC
0.0 00.0 00.0 00.0 00.0 00.0 O0.5 01.0 01.0 00.5 00.0 00.0 00.0 00.0

02. 0 03 03.0 01.0 00.0 00.0 00.5 01.0 01.0 O0.5 00.0 00.0 00.0 00.5
LOADIN FACTOR (FLOAD)
U C S 0 03 OC
1.0 1.0 1.0 1.0 0.85 .85
ONE MAY DISTANCES(DISTN)

ORE COAL STONE GRAIN 0 BULK 0 CARGO
01025. 00237. 00187. 01412. 00542. 01080. ON
00588. 00589. 00589. 01043. 00589. 00684. UP

LOADING RATE (FILL)
UkE COAL STONE URAIN U BULK 0 CARGO

02800. 09000. 02800. 01481. 00600. 00150.
(O2800. 09000. 02800. 01481. 00600. 00150.
02800. 09000. 02600. 01441. 00600. 00150.
02800. 09000. 02800. 01481. 00600. 00150.
UNLOADING RATE (LMPTY)

ORE COAL STONE URAIN U BULK 0 CARGO
02800. 01848. 00700. 01266. 00143. 00150.
02800. 01848. 00700. 01266. 00143. 00150.
02100. 01848. 00700. 01266. 00143. 00150.

11200. 06720. 11200. 01266. 00143. 00150.
HOURS PER MO. PER SEASON EXTENSION (HNS)
.JAN FEB MAR APR APR MAY JUN JUL AUG SLP UCT NOV DEC DEC
000. 000. 000. 000. 348. 725. 704. Y28. 724. 6Y8. 717. 694. 360. 000. URL EXT. 1
000. 000. 000. 000. 348. 725. 704. 728. 724. 698. 717. 694. 360. 000. LOAL

000. 000. 000. 000. 348. /25. 704. 728. 724. 698. 717. 694. 360. 000. STUNE
000. 000. 000. 000. 345. 725. 704. 728. 724. 698. 717. 694. 360. 000. GRAIN
000. 000: 000. 000. 348. 725. 704. 726. 724. 698. 717. 694. 360. 000. U BULK

000. 000. 000. 000. 348. 725. 704. 728. 724. 6Y8. 717. 694. 360. 000. 6 CARGO
000. 000. 000. 189. 348. 725. 704. 728. 724. 698. 717. 694. 360. 134. EXT. 2
000. 000. 000. 189. 348. 725. 704. 728. 724. 698. 717. 694. 360. 134.
000. 000. 000. 189. 348. 725. 704. 728. 724. 698. 17. 694. 360. 134.
000. 000. 000. 189. 348./725. /04. /20. 724. 698. 717. 694. 360. 134.
000. 000. 000. I9. 340. 725. 704. 728. 724. 698. 717. 694. 360. 134.
000. 000. 000. 189. 348. 725. 704. 72b. 724. 698. 717. 694. 360. 134.
264. 000. 000. 189. 340. 725. 704. 728. 724. 690. 717. 694. 360. 134. EXT. 3
264. 000. 000. 19. 346. 725. 704. 728. 724. 690. 717. 694. 360. 134.000. 000. 000. 000. 346. 725. 704. 729. 724. 690. 717. 694. 360. 000.
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000. 000. 000. 000. 348. 725. 704. 728. 724. 698. 717. 694. 360. 000.
000. 000. 000. 000. .48. 725. 704. 728. 724. 698. 717. 694. 360. 000.
000. 000. 000. 000. 348. 725. 704. 728. 724. 698. 717. 694. 360. 000.
264. 275. 000. 189. 348. '/25. 704. /28. 724. 698. 717. 694. 360. 134. EXT. 4
264. 275. 000. 189. 348. 725. 704. 728. 724. 698. 717. 694. 360. 134.
000. 000. 000. 000. .4b. 725. 704. 729. 724. 698. 717. 694. 360. 000.
000. 000. 000. 000. 348. 725. 704. 728. 724. 698. Z17. 694. 360. 000.
000. 000. 000. 000. 348. 725. 704. 728. 724. 698. 717. 694. 360. 000.
000. 000. 000. 000. 348. 725. 704. 728. 724. 698. 717. 694. 360. 000.
VESSEL SPEED BY MONTH AND CLASS IVSA)
JAN FED MAR APR APR MAY JUN JUL AUG SkP ULT NOV DEC DLC
00.0 00.0 00.0 00.0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.00 4 EXT. 1
00.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.70 5
00.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 147 14.7 14.7 14.7 14.7 14.40 6
00.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.00 7
00.0 00.0 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 14.9 13.9 13.9 13.00 EXT. 2
00.0 00.0 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.70
00.0 00.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.40
00.0 00.0 00.0 12.2 14.7 14.7 1.4.7 14.7 14.7 14.7 14.7 14.7 14./ 14.00

11.6 00.0 00.0 10.7 14.9 13.9 13.9 13.9 13.9 14.9 13.9 13.9 13.9 13.00 EXT. 3
12.7 00.0 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.70
13.9 00.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14./ 14.7 14.40
13.1 00.0 00.0 12.2 14.7 14.7'14.7 14.7 14.) 14.7 14./ 14.7 14.7 14.00
21.6 08.7 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.00 EXT. 4
12.7 09.5 00.0 11.8 14.7 14.7 14.7 14.7 14,7 14.7 14.7 14.7 14.7 13.70
14.9 12.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.40
14.1 09.9 00.0 12.2 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.00
RE:LATIVE DEMAND INDEXES (DIN)
JAN FED MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC

00.0 00.0 00.0 00.0 07.1 10.0 10.0 10.0 10.0 10.0 10.0 10.0 06.0 00.0 EXT. I
00.0 00.0 00.0 06.0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 2
06.0 00.0 00.0 06.0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 3
01.0 06.0 00.0 07.0 06.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 4
VFSSEL RETIREMENT FRACTIONS (PO)

4 5 6 7 YEAR
0.00 0.00 0.00 0.00 1978
0.56 0.30 0. 0o 0.00 1985
1.00 0.50 0.30 0.00 1990
1.00 0.80 0.50 0.10 2000
1.00 0.85 0.00 0.20 2010
1.00 0.95 0.85 0.30 2020
1.00 1.00 0.95 0.80 2030
1.00 1.00 1.00 0.85 2040
1.00 1.00 1.00 0.90 2050
BASE YEAR FLEET (BASEFT)

4 5 6 7
6.10 1.60 0.00 8.20 ORE
1.00 0.40 0.00 1.b0 COAL
2.00 2.00 0.00 0.20 STONE
A.90 5.80 21.00 10.40 GRAIN
0.40 1.10 6.40 0.60 0 BULK
3.20 0.50 10.10 0.00 0 CARGO
BIASED TRAFFIC FACTOR (DTF)
.JAN FED MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DL
0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00 EXT.
0.00 0.00 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.50 FXT. 2
0.50 0.00 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 LXT. 3
0.00 0.50 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 Exr. 4
FXTENDED SEASON DISTRIBUTION FRACTIONS
J-1 F-2 M-3 LNP=4 LDEC-S
0.0000 0.0000 0.0000 0.5000 0.5000
0.5000 0.0000 0.0000 0.2500 0.2500
0.3333 0.3333 0.0000 0.1667 0.1667

CAPACITY INCREASE WITH DEPTH (SHORT TONS PER INCH)
4 5 6 7

0.00 91.80 61.80 113.10
1 CAPACITY EXPANSION? IYESPO-NO
I CAPACITY LXPANSION MEASURE
0.075 0.075 LOCKING TIME TRAVELING k VELS
0.050 0.050 REDUCTION FACTORS INCREASE SHIP SPEED
0.050 0.025 FASTER DUMP-FILL
0.030 0.030 TRAFFIC CONTROL
0.130 0.130 MAXIMUM UTILIlY
SLOCKING TIME REDUCTION SELECTOR
1 CAPACITY EXPANSION?
3 INCREASE ALLOWAbLE DRAFT
32.0 NEW DRAFT
0 DEEPER DRAFT AND LAkEN SHIPS
0 CAPACIT, XPANSION MEASURE 2
2 BUILD LARGER LULKS
11 MAXIMUM SHIP CLASS
0.70 0.70 0.70 0.70 0.70 ZDHF
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FLEET NIX BUILDING FACTORS
OJn COAL STONE GRAIN 05U1.1K SCAGO CLASS

0.00 0.00 0.25 0.00 0.20 0.i0 4
0.00 0.00 0.05 0.00 0.30 0.10 5
0.10 0.05 0.10 0.15 0.30 0.40 6
0.10 0.35 0.60 0.05 0.20 0.05 7
0.00 0.10 0.00 0.00 0.00 0.30 8
0.00 0.00 0.00 0.00 0.00 0.01 9
0.60 0.40 0.00 0.60 0.0 O.0 10
0.20 0.10 0.00 0.20 0.00 0.00 11
0.00 0.00 0.00 0.00 0.00 0.00 12
S4IP CARRYING CAPACITIES

8 9 10 11 12
28000. 45000. 60000. 72000, 90000. ORE
24000. 28000. 60000. 72000. 90000. COAL
21000. 45000. 60000. 72000. 90000. STONE
24000. 28000. 60000. /2000. 90000. GRAIN
24000. 28000. 60000. 72000. 90000. 0 BULK
24000. 28000. 60000. 72000. 90000. 0 CARGO
L.UCKING TINES (NORMAL)

4 5 6 7 8 9 10 11 12
.44 0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
.44.0 34.0 38.0 40.0 45.0 53.0 5/.0 61.0 73.0
34.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
J4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
LOCKING TIMES (LOW)

4 5 6 7 a 9 10 11 12
34.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
,44.0 34.0 30.0 40.0 45.0 53.0 57.0 61.0 73.0

34.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
.4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
LUCKING TIME (HIGH)

4 5 6 7 a 9 10 11 12
J4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
J4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
34.0 34.0 38.0 40.0 4b.0 bs..0 57.0 61.0 73.0
34.0 34.0 38.0 40.0 45.0 53.0 5..0 61.0 73.0
LOCKING TIME STANDARD DEVIATION

4 5 6 7 8 9 10 11 12
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.8
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.8
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.8
LOADING RATES
ORE COAL STONE GRAIN OBULK UiCARGO CLASS

2800. 9000. 2800. 1481. 600. 150. 8
2800. 9000. 2800. 1481. 600. 150. 9

2800. 9000. 2800. 1481. 600. 150. 10
2800. 9000. 2800. 1481. 600. 150. 11
2V0. 9000. 2800. 1481. 600. 150. 12
UNLOADING RATES
ORE COAL STONE GRAIN ObULK UCARGO CLASS

11200. 6720. 6720. 1266. 143. 150. a
11200. 6720. 6720. 1266. 143. 150. 9
11200. 6720. 6720. 1266. 143. 150. 10
11200. 6720. 6720. 1266. 143. 150. 11
11200. 6720. 6720. 1266. 143. 150. 12
VESSEL SPEED
JAN FED MAR IAPR 2APR NAY JUN JUL AUG SEP UCT NUV IDEC 2DEC
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
NETIRENENT PERCENTAGES

8 9 10 11 12
0.0 0.0 0.0 0.0 0.0 1978
0.0 0.0 0.0 0.0 0.0 1985
0.0 0.0 0.0 0.0 0.0 1990
0.2 0.0 0.0 0.0 0.0 2000
0.3 0.0 0.0 0.0 0.0 2010
0.8 0.0 0.2 0.0 0.0 2020
0092 0.0 0.3 0.0 0.0 2030
1.0 1.0 0.5 0.0 0.0 2040
1.0 1.0 0.6 0.1 0.0 2050
CAPACITY INCREASE WITH DEPTH

8 9 10 11 12
115.60 167.10 207.10 220A60 250.00
0 CAPACITY EXPANSION?
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ST. LAWRENCE RIVER DATA FILE

1,3 GONOO, DArA FIL
E 

IDENTIFIER
J NAXIMUM VESSEL CLASS

0.1.0t0 SEASON EXTENSaONS
19090 LOC ING TINES (NORNALPLOi.NIGH)
0.70.0.70.0.70.0.70.0.70.0.70.0.70.0.70.0.70 SHIP UTILIZATION FACTORS
1.0005.00,05.00,00.00,36.00.00.33,00.00.00.00 FACTOR.CALFACSYSFAC.SYhADDSYSTEN
FLEET NIX SHIP OULDING FACTORS
URE COAL STONE GRAIN O&ULK CARGO CLASS
0.00 0.00 0.00 0.00 0.20 0.20 4
(.20 0.10 0.20 0.05 0.30 0.00 5
0.00 0.10 0.10 0.35 0.30 0.80 6
0.80 0.60 0.70 0.60 0.20 0.00 7
t:ARRYING CAPACITY &Y SNIP CLA&S (IN SHORT TONS)

4 5 6 7
0V500. 21000. 15000. 27000. IRON OkE - VTONE
0700. 14000. 15000. 21000. COAL - GRAIN
OY00. 14000. 15000. 21000. BULN - ULNERAL CARGO
rkANSIT DISTRIBUTION FACTOR FUR VALIDATION
JAN FEB OAR APR APR MAY JUN JUL AUG SEP OCT NUOV EC DEC
.000 .000 .000 .020 .040 .130 .124 .1.4 .124 .124 .124 .130 .040 .020
.000 .000 .000 .034 .045 .125 .120 .120 .120 .120 .120 .125 .040 .035
.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

CARGO PROJECTIONS *8*8 1978 8*8* (SHORT TONS / YEAR)
IUwNDOUND
15549. 2365. 2883. 6666. 1282. 110. 0. 809. 1. 889.
1. 1127. 2675. 1118. 194.

8*8* 1978 88*

LI-OUND
0. 0. 6. 0. U. 46. 16592. 17. 1003. 1985.
107. 927. 2366. 1868. 3723.

1881 1985 8*8*
UONBOUND
20034. 1704. 4283. 7252. 1298. 112. 0. 861. 1. 965.
1. 1267. 3131. 1220. 306.

8888 1985 88*8
UP8OJND
0. 0. B. 0. 0. 49. 16015. 16. 1095. 2100.
132. 922. 2406. 2038. 8610.

88*8 1990 8*8*
UUWNBOUMD
22478. 1807. 5463. 6237. 1311. 126. 0. 1050. 1. 1021.
1. 1378. 3489. 1297. 314.

**8* 1990 888
UPBOUND
0. 0. 20. 0. 0. 55. 19873. 18. 1161. 2181.
151. 996. 2441. 2165. 7066.

*8** 2000 48*
I1U8NBOUND
23337. 1991. 6284. 5U66. A337. 139. 0. 1234. 1. 1124.
2. 1626. 4140. 1460. 403.

8888 2000 88*
UPBOUND
0. 0. 23. 0. 0. 62. 20263. 18. 1279. 2334.
200. 1150. 2498. 2430. 7432.

$8*8 2010 888
0li UNBOUND
25081. 2112. 7048. 6405. 1364. 157. 0. 1466. 2. 123S.
2. 1957. 4831. 1645. 529.

8*88 2010 188
11100OUND
0. 0. 25. 0. 0. 69. 22495. 19. 1411. 2500.

256. 1321. 2559. 2P27. 9237.
88** 2020 888

U110isOUND
26896. 2154. 7647. 7062. 1391. 180. 0. 1742. 3. 1358.
2. 2418. 5565. 1852. 628.

*841 2020 88*8
UPDOUND
0. 0. 25. 0. 0. 80. 24860. 19. 1556. 2679.
327. 1524. 2635. 3060. 7566.

D % 88*8 2030 8*89
GUNOUND !

29381. 2190. 8296. 7712. 1419. 206. 0. 20Y1. 2. 1494.
2. 3079. 6449. 2066. 875.

8*8 2030 888
wwUND .

0. 0. 25. 0. 0. 90. 27389. 20. 1715. 2875.
418. 1768. 2726. 3435. 11890.

8*88 2040 888
UUNDOUND
31664. 2242. 8946. 0341. 1446. 236. 0. 2460. 3. 1646.
2. 4051. 7474. 2350. 1171.

*88* 2040 8888
UPSOUND
0. 0. 25. 0. 0. 103. 30067. 20. 1890. 3087.
534. 2061. 2842. 3857. 15603.

888 2050 88
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34269. 2287. 10244. 9109. 1462. 270. 0. 2923. 4. 1617.
J. 5506. 8665. 2648. 1551.

D698 2050 8*85

0. 0. 25. 0. 0. 119. 33016. 21. 2084. 3319.
6N2. 2416. 2982. 4.531. 1Y4V1.

HUURS AVAILABLE FOR LOCKING UPERATIONS BY MONTH
JAMN FEB MAR APR APR MAY JUN JUL AUG SEPT OCT NOV DEC UEC

23.2 23.0 23.7 23.2 24.2 23.2 23.3 23.3 23.2 23.2 2.2 22.9 23.2 23.2
LUCKINO TIME IN MINUTES BY SHIP CLASS

4 5 6 7 SHIP CLASS
0034. 0034. 0039. 0041. UOWN FOR CONSTRAINING LUCK

0034. 0034. 0040. 0041. UP
0041. 0031. 0036. 0037. DOWN FOR NON-CONSTRAINING LUCK
0031. 0031. 0036. 0037. UP

L 4 TIMES 6 7 SHIP CLASS

0034. 0034. 0038. 0040. UON FOR CONSTRAINING LUCK
0033. 0033. 0039. 0040. UP
0031. 0031. 0035. 0036. DOWN FOR NON-CONSTRAINING LUCK
0041. 0031. 0035. 0036. UP
HIGH TIMES

4 5 6 7 SHIP CLASS
0045. 0035. 0040. 0042. DOWIN CA CONSTRAIING LOCK
(035. 0035. 0041. 0041. UP
(032. 0032. 0037. 0039. DOWN FOR NON-CONSTRAINING LUCK
0032. 0032. 0037. 0037. UP
LOCKING 7IHE STANDARD DEVIATION IN MINUTES bY SHIP CLASS

4 5 6 7 SHIP CLAbS
002.7 002.7 002.8 003.0 DOWN FOR CONSTRAINING LUCK
002.i 002.7 002.8 003.0 UP
002.3 002.3 002.7 002.U UPN FRNNCmSRIIGLC
(02.3 002.3 002.7 002.W LO0N FOR NON-CONSTRANING LUCK
VALIDATION DIAS TRAFFIC FACTORS
e.AP OL.AP E.DC L.tic

01.00 00.80 00.20 00.60
rURNBACK TIME IN MINUTES NY LOCK
CON. NON-C.

0000. 0000. 0000.
SHIP COST (:/HOUR) BY SHIP CLASS a

4 5 6 7 8 9 10 II SNIP CLASb
000373. 000396. Q00254. 000435. 000423. 000553. 000579. 000632. OPERATINOM4I
000297. 000356. 000238. 000438. 000493. 000630. 000767. uOb//. LAPITAL COST
NON-COMMERCIAL CRAFT DAILY ARRIVAL - ICE LOCKAGES
JAN FED MAR APR APR MAY JUN JUL AUG SEP LCT NOV DEC DEC
00.0 00.0 00.0 00.0 00.0 00.0 01.0 01.5 01.5 01.0 00.0 00.0 00.0 00.0 uP
07.0 03.0 03.0 01.0 00.0 00.0 01.0 01.5 01.5 01.0 00.0 00.0 00.0 00.0 LIN
LUADINO FACTOR - FLOAD
U C 5 0 0b GC
1.001.001.001.000.950.05
ONE WAY OISTANCES(DISTN)

ORE COAL STONE GRAIN 0 BULK G CARGO
01025. 00237. 00187. 01412. 00542. 01080. ION
00588. 00589. 00589. 01043. 00589. 00684. UP

LOADING RATE (FILL)
ORE COAL STONE GRAIN U BULK G CARGO

02:00. 09000. 02800. 01481. 00600. 00150. 4
(200. 09000. 02800. 01481. 00600. 00150. 5
0800. 0W9000. 02800. 01481. 00600. 04t50. 6
02800. 09000. 02900. 014N1. 00600. 00150. 7
UNLOADING RATE (EMPTY)

URE COAL STONE GRAIN 0 BULK G CARGO
02800. 01848. 00700. 01266. 00143. 00150. 4
02800. 01848. 00700. 01266. 00143. 00150. S
02900. 01848. 00700. 01266. 00143. 00150. 6

11200. 06720. 11200. 01266. 00143. 00150. 7
HOURS PER MO. PER SEASON EXTENSION (HRS)
JAN FED MAR APR APR MAY JUN. JUL AUG SEP OCT NOV DEC DEC
000. 000. 000. 000. 347. 718. 699. 722. 718. 6V0. 714. 688. 359. 000. Ukk iEXf. I
000. 000. 000. 000. 347. 718. 698. 722. 718. 690. V14. 688. 359. 000. COAL
000. 000. 000. 000. 347. 718. 696. 722. 718. 690. 714. 688. 359. 000. STONE
000. 000. 000. 000. 347. 718. 698. 722. 719. 690. 714. 688. 359. 000. bRAIN
000. 000. 000. 000. 347. 718. 698. 722. 719. 690. 714. 688. 359. 000. 0 BULK
000. 000. 000. 000. 347. 718. 698. 722. 718. 690. 714. 688. 359. 000. 0 CARGO
000. 000. 000. 188. 347. 718. 698. 722. 718. 690. 714. 68. 3b9. 131. ORE EXT. 2
00. 000. 000. 189. 347. 719. 699. 722. 719. 690. 714. 680. 359. 131. COAL
000. 000. 000. 188. 347. 718. 698, 722. 718. 690. 714. 680. 359. 131. STO N
000. 000. 000: 188. 3474 718. 699. 722. 718. 690. 714. 6US. 359. 131. GRAIN
000. 000. 000. 198. 347. 719. 69. 722. 718. 690. 714. 6W8. 359. 131. 0 BULK
20. 000. 000. 188. 347. 718. 698. 722. 718. 690. 714. 688. 359. 131. & CARGO
206. 000. 000. 188. 347. 718. 690. 722. 718. 690. 714. 688. 359. 131. URE LXT. 3
256. 000. 000. 186. 347. /18. 690. 722. 719. 690. 714. 698. 359. 131. COAL
000. 000. 000. 000. 347. 718. 699. 722. 719. 6VO. 714. 699. 359. 000. STONE
000. 000. 000. 000. 347. 718. 698. 122. Y18. 690. 714. 688. 359. 000. .RAIN
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000. 000. 000. 000. 347. 718. 698. 722. 718. 690. 714. 688. 359. 000. 0 BULk
4)00. 000. 000. 000. 347. 71b. 698. 722. 718. 6VO. 714. 68. 359. 000. 0 CARGU
256. 267. 000. 188. 347. ;18. 698. 722. 718. 690. 714. 688. 359. 131. ORE EXT. 4
. 56. 267. 000. 188. 347. 718. 6V6. 722. 718. 690. 714. 688. 35Y. 1.1. COAL
000. 000. 000. 000. 347. 718. 696. 722. 718. 690. 714. &88. 359. 000. STONE
0(O0. 000. 000. 000. 347. ;18. 68. 722. 718. 6VO. 714. &8. 359. 000. GRAIN
000. 000. 000. 000. 347. 718. 690. 722. 718. 690. 714. 688. 359. UO0. 0 BULK
000. 000. 000. 000. 347. 718. 698. 722. 718. 690. 714. 688. 359. 000. 6 CARGO
VESSEL SPEED BY MONTH AND CLASS (VSA)

JAN FEB MAR APR APR MAY JUN JUL AUG SEP uUT NOV DEC DEC
(00.0 00.0 00.0 00.0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.0 4 EXT. I
00.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.7 5
00.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.4 6
00.0 00.0 00.,0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7

00.0 00.0 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.0 4 EXT. 2
00.0 00.0 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.7 5
00.0 00.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.4 6
00.0 00.0 00.0 12.2 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7
11.6 00.0 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 !3.9 13.9 13.9 13.0 4 EXT. 3
12.7 00.0 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14,7 13.7 5
33.9 00.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.4 6
13.1 00.0 00.0 12.2 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7
0i.6 08.7 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.0 4 EXT. 4
12.7 09.5 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.7 5
13.9 12.0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.4 6
13.1 09.9 00.0 12.2 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7
NLLATIVE rEMAND INDEXES (DIN)
JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.OC L.DC

00.0 00.0 00.0 00.0 06.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 06.3 00.0 EXT. I
00.0 00.0 00.0 06.0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 2
06.0 00.0 00.0 06.0 0/.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 3
(3/.0 06.0 00.0 06.0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 4
VESSEL RETIREMENT FRACTIONS (PO)

4 5 6 7 YEAR

0.00 0.00 0.00 0.00 1978
0.56 0.30 0.20 0.00 1985
1.00 0.50 0.30 0.00 1990
.00 0.80 0.50 0.00 2000
1.00 0.85 0.80 0.20 2010
1.00 0.95 0.85 0.30 2020
1.00 1.00 0.95 0.80 2030
1.00 1.00 1.00 0.85 2040
1.00 1.00 1.00 0.90 2050
BASE YEAR FLEET (BASEFT)

4 5 6 7
0.00 5.70 0.00 6.40 ORE
O.9O 0.30 0.00 0.50 COAL
(.30 0.70 0.40 0.10 STONE
11.20 4.70 22.10 7.90 GRAIN
2.80 0.40 7.40 0.00 0 BULK
4.20 0.70 11.40 0.00 b CARGO
BIASED TRAFFIC FACTOR (DTF)
JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC

0.00 0.00 0.00 0.00 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 EXT. 1
0.00 0.00 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 EXT. 2
0.50 0.00 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 EXT. 3
0.00 0.50 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 EXT. 4
EXTENDED SEASON DISTRIBUTION FRACTIONS
Jl1 F-2 M-3 EAPR-4 LJEC-5
0.0000 0.0000 0.0000 0.5000 0.5000 ISNI
0.b000 0.0000 0.0000 0.2500 0.2500 ISN3
0.3333 0.3333 0.0000 0.1667 0.1667 ISN4
CAPCITY INCREASE WITH DEPTH (SHORT TONS PER INCH)

4 5 6 7
0.00 91.80 61.80 113.10
1 CAPACITY EXPANSION? IYESO-NU
I CAPACITY EXPANSION MEASURE
0.075 0.075 LOCKING TIME TRAVELING KiVELS
0.025 0.025 REDUCTION FACTORS INCREASE SHIP SPEED
0.055 0.010 FASTER DUMP-FILL
0.045 0.045 TRAFFIC CONTROL
0.130 0.130 MAXINUM UTILITY

5 LOCKING TIME REDUCTION SELECTOR
I CAPACITY EXPANSION?
• J INCREASE ALLOMABLE DRAFT
32.0 NEM DRAFT
0 DEEPER DRAFT AND LANGER SHIPS

0 CAPACITY EXPANSION MEASURE 2
2 BUILD LARGER LOCKS
11 MAXIMUM SHIP CLASS
0.70 0.70 0.70 0.70 0.70 ZDHF
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FLEET MIX BUILDING FACTORS
URk COAL STONE GRAIN ObULK GCARGO CLASS
0.00 0.00 0.25 0.00 0.20 0.10 4

S0.00 0.00 0.05 0.00 0.30 0.1U 5

0.10 0.05 0.10 0.15 0.30 0.40 6
0.10 0.35 0.60 0.05 0.20 U.05 7
0.00 0.10 0.00 0.00 0.00 0.30 &
0.0 0.00 0.00 0.00 0. 00 0.05 9
0.60 0.40 0.00 0.60 0.00 0.00 10

0.20 0.10 0.00 0.20 0.00 0.00 11
0.00 0.00 0.00 0.00 0.00 0.00 12

SHIP CARRYING CAPACITIES
a 9 10 11 12

2b000. 45000. 60000. 12000. YO000. ORE
24000. 28000. 60000. 12000. VOU00. COAL
28000. 45000. 60000. 72000. 90000. STONE
24000. 28000. 60000. /2000. 90000. ORALN

!4000: 2:000: 60000: 12000. 90000. U BULK
24000. 28000. 60000. /2000 90000. U CARGO
LULKNG ]IMES (NORMAL)

4 5 6 7 Is v to 11 12

34.0 34.0 38.0 40.0 45.0 53.0 b/.U 61.0 73.0
.4.0 34.0 38.0 40.0 45.0 5J.0 57.0 61.0 73.0

,54.0 34.0 31.0 40.0 45.0 53.0 ,I.0 61.0 73.0
34.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
LUCKING TIMES (LOW)

4 5 6 7 8 9 10 11 12

.4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0

.4.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 V3:0
34.0 34.0 3 .0 40.0 45.0 53.0 5/.0 81.0 73.0

34.0 34.0 3b.0 40.0 45.0 53.0 57. 61.0 /3.0
I.LLKING TIME (HIGH)

4 5 6 7 8 9 10 11 12
.14.0 34.0 3:.0 40.0 45.0 53.0 57.0 61.0 /3.0
44.0 34.0 38.0 40.0 45.0 53.0 5/.0 61.0 73.0
34.0 34.0 38.0 40.0 45.0 53.0 57.0 61.0 73.0
.54.0 34.0 38.0 40.0 45.0 b3.0 57.0 61.0 73.0

LULKING TIME STANDARD DEVIATION

4 5 6 7 8 v 10 11 12
2.7 2.7 2.8 3.0 2.8 2.8 2. 2.8 2.
2.7 2.7 2.8 3.0 2.8 2.8 a.8 2.5 2.b
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.9
2.1 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.
LUABING RATES
ORE COAL SIONE GRAIN OBULK OCARGO CLASS
200. 9000. 2800. 1481. 600. 150. a

',!WO0. 9000. 2800. 1481. 600. 150. 9
21400. 9000. 2800. 1491. 600. 150. 10
;?O0 9000. 2800. 1481. 600. 150. 11
2W00. 9000. 2800. 1481. 600. 150. 12

UNLOADING RATES
URk COAL STONE GRAIN ObULK ULARGO CLASS

11200. 6720. 6720. 1266. 143. 150. 8
1 200. 6720. 6720. 1266. 143. 150. 9

11200. 6720. 6720. 1266, 143. 150. 10

11200. 6720. 8720. 1286. 143. 150. 11
1I200, 6720. 6720. 1266. 143. 150. 12
VESSEL SPEED
JAN FED MAR IAPR 2APR MAY JUN JUL AUG bki UCT NOV IDEC 2DEC

0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
KTIREMENT PERCENTAGES

N 9 10 11 12
0.0 0.0 0.0 0.0 0.0 1978

I 0.0 0.0 0.0 0.0 0.0 1985
0.0 0.0 0.0 0.0 0.0 1990

0.2 0.0 0.0 0.0 0.0 2000
0.3 0.0 0.0 0.0 0.0 2010
0.8 0.0 0.2 0.0 0.0 2020
0.92 0.0 0.3 0.0 0.0 2030
1.0 1.0 0.5 0.0 0.0 2040
1.0 1.0 0.6 0.1 0.0 ;050
LAPAc TY INCREASE WITH DEPTH

9 9 10 11 12
115.60 167.10 207.10 228.60 250.00
0 CAPALITY EXPANSION?
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